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TECHNIQUES FOR THE STUDY OF LEARNING 
IN ANIMALS: 


ANALYSIS AND CLASSIFICATION! 


M. E. BITTERMAN 
Bryn Mawr College 


Although many different tech- 
niques for the study of learning in 
animals have been developed in the 
60 years or so since the problem of 
animal intelligence first was brought 
into the laboratory, their interrela- 
tions never have been carefully de- 
Crude dichotomies have been 
“respondent  condition- 
“operant conditioning” 
by Skinner (1935, 1937), 
conditioning’ versus “instrumental 
conditioning’ by Hilgard and Marquis 
(1940)—and, more recently, a tri- 
chotomy—‘‘classical conditioning” 
versus “instrumental conditioning” 
versus ‘‘selective learning’ by Spence 
(1956)—but the diversity of method 
is too great to be encompassed in 
any such one-way analysis. While 
certain differences among the tech- 
niques to be classified must be ignored 
if the number of categories is to be 
smaller than the number of tech- 
niques, the quest for parsimony seems 
to have been carried too far. 

Classification is not merely a mat- 
ter of taste. When one can find no 


fined. 
proposed 
ing’’ versus 
“classical 


1 This paper grows out of a program of 
research on the comparative psychology of 
learning supported by Contract Nonr 2829 
(01) with the Office of Naval Research and by 
Grant M-2857 from the United States Public 
Health Service. Its reproduction in whole or 
in part is permitted for any purpose of the 
United States Government. 


objective basis for evaluating the 
conviction that a given difference in 
technique should be stressed or that 
another safely may be disregarded, it 
is only because the proper experi- 
ments have not been performed. Con- 
sider, for example, the question of 
whether the difference between flex- 
ion conditioning with avoidable as 
compared with unavoidable shock 
should be reflected in a classification 
of techniques. The answer is ‘‘Yes”’ 
for Hilgard and Marquis, who empha- 
size the contingency of reinforcement 
They classify flexion 
when 


on response. 
conditioning as 

shock is unavoidable and as “‘in- 
strumental’’ when shock is avoid- 
able. The answer is ‘‘No”’ for Spence, 
who emphasizes the degree of control 
afforded the experimenter over the 
appearance of the response to be 
learned. Ignoring the contingency of 
shock upon failure of response to the 
CS, Spence treats avoidance condi- 
tioning as a special case of classical 
conditioning in which the pattern of 
reinforcement gradually shifts from 
consistent to intermittent. Such a 
disagreement surely need not remain 
long in the realm of opinion. One 
has only to compare the behavior of 
an animal trained with avoidable 
shock and that of a control animal 
trained with shock that is unavoid- 


81 


“classical” 
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able but simply withheld on which- 
ever trials the first animal avoids; if 
response contingency is unimportant, 
the course of learning in the two ani- 
mals should be the same. 

In general, a classification of tech- 
niques may be treated as the expres- 
sion of a set of hypotheses about the 
functional significance of differences 
in technique—a distinction between 
two techniques as an assertion that 
vield which differ in 
some fundamental respect, and a 
failure to distinguish between two 
techniques as an assertion that they 
may be used interchangeably in the 
analysis of learning. This is not to 
say that a classification may not be 
preferred on historical, or on peda- 


they results 


gogical, or even on esthetic grounds, 
but only that a functional interpreta- 
tion is available which provides a 
basis for empirical evaluation. Meth- 
odological and functional considera- 
been linked rather 
Methodological 
distinctions been taken as 
points of departure for dual-process 
analyses of learning, while strivings 
for a unitary conception have been 
reflected in the blurring of methodo- 
logical distinctions. One may even 
to experiments designed ex- 


tions have, in fact, 
closely in the past. 
have 


point 
plicitly to provide a functional com- 
parison of different methods (Youtz, 
1938a, 1938b, 1939), although the 
empirical study of methodological 
interrelations certainly has not been 
carried very far. 

Functional considerations play a 
central role in the classification to 
be offered here, which grows out of a 
program of comparative research 
(Bitterman, 1960). The first step in 
the program is to assess the phyletic 
generality of certain theoretically 
significant phenomena of learning 
which have been established in work 
with the rat (hitherto the principal 
subject of research on learning), and 


to that end a variety of simple ani- 
mals must be studied under condi- 
tions analogous to those which have 
been used for the study of the rat; 
but what are ‘analogous’ condi- 
tions? Clearly, the answer to this 
question requires some hypotheses 
about the essential properties of the 
various techniques which have been 
used for the rat. As will later be 
indicated, the comparative enter- 
prise not only motivates further 
methodological analysis but consti- 
tutes a new source of data in terms of 
which the outcome may be evalu- 
ated. 


THORNDIKIAN SITUATIONS 


It seems reasonable to begin the 
analysis with a set of closely inter- 
related techniques which date back 
to the turn of the century and which 
have yielded most of the information 
on which contemporary conceptions 
of animal learning are based. The 
adjective 7horndikian is appropriate 
both because of Thorndike’s pioneer- 
ing role in their development and 
because their operation is predicated 
on an empirical law of effect. Fa- 
miliar examples are the problem box 
and the maze. In each of these situa- 
tions, traditionally, the experimenter 
sets out to change behavior by manip- 
ulating its consequences, that is, by 
arranging a contingency between 
some motivationally significant state 
of affairs (‘‘reinforcement’’) and the 
behavior in question. Thus, pulling 
a loop in a problem box or turning to 
the left in a T maze may be en- 
couraged with food or discouraged 
with shock. Indeed, the motivational 
significance of any event may be 
assessed in terms of its effect on the 


response which produces it in such a 


situation. An event that facilitates 
the occurrence of a response upon 
which it is contingent is called a 
reward; an event that has the op- 
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posite effect is called a punishment; 
while an event that produces no 
measurable change in behavior is 
motivationally insignificant or neu- 
tral. An aversive stimulus is one 
whose onset is punishing, and in 
what is called escape training the off- 
set of such a stimulus serves as a 
reward. 


Unitary and Choice Situations 


An important distinction between 
two main types of Thorndikian situ- 
ation may be illustrated by a com- 
parison of the problem box and the 
maze. In both these apparatuses, the 
animal is afforded numerous possi- 
bilities for action, one of which the 
experimenter chooses to reward. The 
main difference between them has to 
do with the treatment of irrelevant 
responses. In work with the prob- 
lem box, the experimenter may take 
some qualitative notice of the variety 
of fruitless activities which appear, 
but his interest is centered on the 
rewarded response and the readiness 
with which it comes to expression. 
The datum is time. In the 
maze, by contrast, the unrewarded 
behavior of the animal is structured 
more clearly; certain major alterna- 
tives to correct response are deline- 
ated, and the interest of the experi- 
their decline 


basic 


menter is centered on 
and disappearance. The basic datum 
is error. Time may be recorded, but 
it does not as clearly reflect progress 
in the alternative 
courses of action, the aspect of selec- 


choice among 
tive learning which the maze is so 
well suited to display. 

The designation unitary Thorn- 
dikian situation (or T-1 situation) 
will be used here for the problem 
box and for any other Thorndikian 
situation in which but a single course 
of action is defined and the readiness 
with which it comes to expression is 


measured. The designation Thorn- 


dikian choice situation (or T-2 situa- 
tion) will be used for the maze and 
for any other Thorndikian situation 
in which two or more incompatible 
courses of action are defined and 
choice among them is studied. The 
nature of the responses delineated 
and the general properties of the en- 
vironments in which they appear are 
ignored in this classification. , Thus, 
a problem box which offers a choice 
of manipulanda is classed with the 
maze as a T-2 situation, while the 
runway is classed as a T-1 situation 
despite its structural resemblance to 
the maze. The runway may, of 
course, provide a measure of error, 
as in the early works of Hicks (1911), 
who plotted the learning of a cul- 
less maze in terms of retracing, while 
the potentialities of the maze for 
the study of choice may be ignored, 
as in the early work of Thorndike 
(1898), who, measuring only time, 
used the maze as though it were 
just another problem box. In such 
cases, the classification is based on the 
use to which the apparatus actually is 
put in a given experiment. For the 
most part, however, contradictions 
between potentiality and use are rare. 
An investigator interested in choice 
among alternative courses of action 
is not likely to use a runway, nor, un- 
less he is interested specifically in 
choice among alternative courses of 
action, is he likely (today) to use a 
maze. 

Both T-1 and T-2 situations may 
be ‘‘chained.” common 
example of a chained T-2 situation 


The most 
is the maze of many choice-points, 
once very much the mode, but rarely 
encountered today, perhaps because 
of the conviction, expressed by 
Lashley (1918), that the single-unit 
maze is quite as sensitive as the 
multiple-unit maze to the effects of 
significant variables and much less 
costly in time and effort. (The two 
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kinds of apparatus are not, of course, 
fully equivalent; certain problems— 
such as that of correction versus non- 
correction, first studied by Lashley = 
arise only when the number of 
choice points 1s reduced to one, while 
such as that of serial 
order Chained T-1 
situations never have been widely 
used. An example may be found ina 
string of problem boxes, each present- 


other pre »blems 
disappear.) 


ing one manipulandum, with the first 
giving the the 
second to the third, and so on, until 
the reward finally is attained (Her- 
bert & Arnold, 1947). For certain 
purposes, conceivably, 


access to second, 


mixed chains 
(composed both of T-1 and of T-2 


units) might be used. 


Generalized and Discriminative 
Situations 

Each of the two types of Thorn- 
dikian situation already distinguished 
may occur in 


unitary and choice 


discriminative as well as in general- 
ized form. This new 
which is orthogonal to the first, will 


be conveyed by adding the letters g 


distinction, 


for generalized) and d (for discrim- 
to the symbols for unitary 
and choice: T-1g, T-1d, T-2g, T-2d. 
In a discriminative problem, the ex- 
varied 


inative) 


perimental environment is 


systematically from trial to trial, and 
with it the consequences of response, 
the « of the 


criminate the change being inferred 


ipacity animal to dis- 
from a corresponding variation in be- 
havior. In a generalized problem, 
there m iv be 
experimental environment from trial 
to trial (intentional or unintentional), 


ind there may 


some variation in the 


be some variation in 
the consequences of response (as in 
work on partial reinforcement), but 
there is (by definition) no correlation 
between the two kinds of change, and 
hen ‘re is no objective basis for 
systematic variation in behavior. 


In the simplest T-1d case, a single 
defined response is rewarded under 
one set of conditions but not re- 
warded (or punished) under another 
set of conditions, and the readiness 
with which the response comes to ex- 
pression under the two conditions is 
compared. For example, response in 
a single-window jumping apparatus is 
rewarded when a white card is dis- 
played but punished when the card 
displayed is black (Solomon, 1943). 
Performance in a T-1d problem may 
be expressed in terms of “‘error,’’ but 
a temporal criterion is implied. For 
example, in an early experiment by 
Thorndike (1898), cats were fed for 
climbing to the top of their cage in 
response to the words “I must feed 
those cats,’ but not for making the 
same response to the words ‘“Tomor- 
row is Tuesday,” an error being re- 
corded whenever they climbed up 
(promptly) to the second phrase or 
failed (in a period of 
time) to climb up in response to the 
first. Similarly, Grice (1949), work- 
ing with another T-1d_ situation, 
computed the median response time 
for a series of trials and counted as an 
error any response to the negative 
stimulus faster than the median or 
any response to the positive stimulus 
A clear dis- 

between 
erroneous 


reasonable 


slower than the median. 
tinction should be made 
thus defined and 
choice in a T-2d situation. 
In a T-2d problem, two or more 
defined 


error 


alternative are 


two in the simplest case. One of the 


responses 


responses is rewarded and the second 
unrewarded (or punished) under a 


given set of conditions, while the 
consequences of the two courses of 
action are reversed under another set 
of conditions, and erroneous choices 
are counted. For example, in a con- 
ventional jumping apparatus, a jump 
to the right window is rewarded 


when the card in the right window is 
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white and the card in the left window 
is black, but a jump to the left win- 
dow is rewarded when the positions 
of the two cards are interchanged; or, 
in the same apparatus, response to 
the right window is rewarded when 
two white cards are displayed, but 
response to the left window is re- 
warded when two black cards are dis- 
played. (Problems of the first kind 
have been termed “simultaneous” 
while problems of the second kind 
have been termed ‘“‘successive,”’ an 
adjective applied as well to T-id 
problems; considerable confusion has 
resulted from the failure to distin- 
guish between T-1d and successive 
T-2d_ problems.) The so-called 
“higher order’’ discriminations—od- 
dity, matching-from-sample, and 
multiple choice—also may be clas- 


sified as T-2d problems, although 


they seem to make demands which 
go far beyond those of the simpler 
problems first exemplified. The T-1d 


and T-2d categories actually are 
rather coarse ones which themselves 
invite careful analysis and subdi- 
vision. 

Like T-2g situations, T-2d situa- 
tions may be ‘“‘chained’’—as when 
an animal is required to make a series 
of choices based on brightness before 
the reward is attained (Stone, 1928). 
Meaningful T-1d chains also are pos- 
sible, although no instance of such a 
chain is to be found in the literature. 
For example, response to a manipu- 
landum in one unit gives immediate 
access to the next unit when the 
positive stimulus is present; when 
the negative stimulus is present, ac- 
cess to the next unit is given after a 
predetermined period of time whether 
or not the animal responds. 


Discrete and Continuous Situations 


There has been little clarity on the 
relation of Skinner’s technique to 
other techniques for the study of 


learning in animals. It has been 
asserted by Woodworth (1938), for 
example, that the Skinner box “‘brid- 
ges the gap”’ between the problem 
box and the classical conditioning 
situation, and a similar view is met 
again in Spence (1956), who places 
the Skinner box on a continuum at a 
point intermediate between the meth- 
ods of Thorndike and Pavlov; but 
the notion of continuity is difficult to 
justify. Skinner (1935, 1937) cer- 
tainly has succeeded very well in 
drawing a sharp line between his 
method and that of Pavlov on the 
basis of criteria which fail to dis- 
tinguish his method from that of 
Thorndike. 

Skinnerian situations are Thorn- 
dikian situations as the term is de- 
fined here. The original Skinner box 
differs from the older problem box 
only in that it delivers food to the 
response compartment (instead of 
admitting the animal to a separate 
feeding compartment) when the de- 
fined response is made, a feature 
which eliminates handling of the ani- 
mal between trials. Equipped with a 
retractable lever, which is introduced 
to begin each trial and withdrawn 
after response, the Skinner box may 
be used in exactly the same manner 
as the older problem box; in fact, a 
retractable manipulandum which de- 
livered food to the responding animal 
was developed for the monkey by 
Thorndike himself (1901). Skinner 
(1932), of course, has preferred to use 
his apparatus as a “‘repeating’’ prob- 
lem box—his own adjective—invert- 
ing the traditional measure of per- 
formance, and substituting for time 
per response on discrete trials number 
of responses per unit time (rate of 
response) to a continuously available 
lever. Either way, a Skinner box 
containing one lever may be classified 
as a T-1 situation. A single response 
is delineated, its consequences are 





86 M. E. BITTERMAN 


manipulated, and the readiness with 
which it comes to expression is 
measured. With two levers and the 
study of choice, the Skinner box be- 
comes a T-2 situation. 

It seems reasonable, nevertheless, 
to make a formal distinction between 
Thorndikian situations in which la- 
tencies or are measured in 
discrete trials and their Skinnerian 
counterparts in which rates of re- 
sponse are measured under condi- 
tions of continuous opportunity to 
respond. Situations of the first kind 
will be designated as discrete, while 
those of the second kind will be desig- 
nated as continuous, and for symbolic 


choices 


purposes the subscripts d (for dis- 
(for continuous) will be 
for Thorndikian, as, 


crete) or c 
added to the T 
for example, in Tg-2g (discrete, choice, 
generalized) or in T,-ld (continuous, 
The 


reflects 


unitary, discriminative). dis- 
crete-continuous distinction 
the hypothesis that rate of response, 
despite its close mathematical rela- 
tion to latency, has a functional sig- 
nificance which is to a certain extent 
unique, and some interesting evidence 
for this view comes from comparative 
studies of the effect of inconsistent 
reinforcement on resistance to extinc- 
tion. In the rat, discrete and con- 
tinuous techniques both give the so- 
called paradoxical effect (greater re- 
extinction after incon- 
after consistent 
In the fish, initial re- 


sistance to 
than 
forcement). 


sistent rein- 
sistance to extinction is greater after 
consistent reinforcement in the dis- 
crete case (Longo & Bitterman, 1960; 
Wodinsky & Bitterman, 1959, 1960); 
but some as yet unpublished data 
show greater resistance to extinction 
after inconsistent reinforcement in 
the continuous case. Whether the dif- 
ference in outcome may be traced to 
a difference in the functional proper- 
ties of the two techniques, or whether 
it is a product of certain parametric 
the sets of 


differences between two 


experiments, remains to be deter- 
mined. The matter is introduced 
here only to suggest the possibility 
that techniques which are function- 
ally equivalent for one species may 
not be so for others. In this connec- 
tion it is worth noting, perhaps, that 
the potentialities of the rate measure 
seem to be realized fully only when 
inconsistency of reinforcement is 
introduced. 


A General Definition of Thorndikian 
Situations 


In each of the Thorndikian situa- 
tions considered thus far, a change in 
behavior is measured which springs 
from a contingency between some de- 
fined and motiva- 
tionally significant state of affairs. 
Experiments on latent learning sug- 
gest, that a Thorndikian 
situation may be characterized with- 
out reference either to the actual oc- 
currence of change in behavior or to 
the motivational significance of the 


response some 


however, 


consequences of response. In the T-1 


case, an investigator may set out de- 
liberately to the motiva- 
tional significance of the consequences 


minimize 


of response in an effort to minimize 
the extent of change in behavior. 
For example, a hungry rat is trained 
in a runway which leads to an empty 
end box or to one which contains only 
water. To arrange a set of end-box 
conditions which are entirely without 
motivational significance is not, of 
course, always very easy, but it can 
be done (Gonzalez & Diamond, 1960). 
In the T-2 case, the consequences of 
alternative responses, whether moti- 
vationally significant or not, may be 
balanced in an effort to forestall the 
development of a preference for one 
or the other response. For example, 
a hungry rat is run in a simple T 
maze with both end boxes empty, or 
one empty and the other containing 
only water, or one containing food 
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and the other both food and water; 
oraratthatis both hungry and thirsty 
is run in a T maze with one end box 
containing food and the other con- 
taining water. Such situations are 
intended merely to provide occasions 
for learning whose effects are esti- 
mated in later tests. The tests always 
involve a change in the motivation- 
al significance of the consequences 
of response: for example, food is 
added to a previously empty end box; 
or the end box is associated with food 
in direct feedings; or the prevailing 
condition of deprivation is altered, 
and with it the relevance of previ- 
ously encountered incentives. Never- 
theless, despite the careful attention 
which must be paid to motivational 
significance in evaluating the out- 
come of exposure to a Thorndikian 
situation, the situation itself may be 
defined without reference to motiva- 


tional significance. What is essential 


only is @ contingency of some spect- 


fied event or circumstance on some 
measurable bit of behavior—a 
tingency arranged by an investigator 


studying its 


con- 


who is interested in 
effects on the animal.? 


2 No treatment of Thorndikian techniques 
would be complete without some mention of a 
set of situations closely related to the problem 
box (calling for string-pulling, rake-wielding, 

and the like) which figured 
in the work of certain of Thorn- 
dike’s critics, beginning with Hobhouse 
(1901), who did not think that Thorndike’s 
apparatus provided a representative picture 
of animal intelligence. Designed to be fully 
“surveyable”’ (to conceal nothing from the 
animal) and, although simple in principle, to 
render “chance” unlikely, these 
(Hobhousian) situations present Thorndikian 
contingencies of a rather loose sort and may be 
used, like Thorndike’s problem boxes, to 
study the way in which the experience of such 
affect behavior. 
Their principal use, however, has been in in- 
quiries into the ability of animals to discover 
appropriate modes of behavior in advance of 
that is, in quests for evidence 


box-stac king, 


prominently 


solutions 


contingencies subsequent 


reinforcement 
of “productive” or “‘inferential’’ as contrasted 
with “reproductive” or learned solutions. 


PAVLOVIAN SITUATIONS 

Well before Pavlov’s experiments 
on conditioning became’ widely 
known, other investigators were led 
quite independently, by an interest in 
associative learning, to experiments 
of essentially the same kind. As far 
back as the turn of the century, a 
distinction was made between what 
was called “‘trial-and-error”’ or “‘selec- 
tive learning’’—the modification of 
behavior as a function of its conse- 
quences—and what was called ‘‘asso- 
ciation of stimuli” or ‘‘substitution” 
—the acquisition by one stimulus of 
some of the behavioral properties of 
a second stimulus as a function of the 
pairing of the two stimuli. Primarily 
concerned though he was with selec- 
tive learning, Thorndike (1898) him- 
self made use of paired stimulation; 
when a verbal statement such as “I 
must feed those cats’’ was followed 
regularly by the presentation of food, 
he reported, the words alone would 
bring the animals to the feeding place. 
It seems fitting nonetheless—in view 
of the scope of Pavlov’s (1927) con- 
tribution—that the method should 
bear his name. 

In the traditional Pavlovian experi- 
ment, as in the traditional Thorn- 
dikian experiment, the behavior of 
the animal is altered by the introduc- 
tion of some motivationally signifi- 
cant stimulus such as food or shock 
(“‘reinforcement’’), but there are im- 
portant differences. In a Thorndikian 
experiment, reinforcement is con- 
tingent on response; doing one thing 
leads to food or to shock, doing 
another does not. In a Pavlovian 
experiment, reinforcement is sched- 
uled without regard to response; the 
experimenter does not set out to 
mold behavior in some _ predeter- 
mined fashion, but only to study the 
way in which the functional proper- 
ties of one stimulus are altered by 
virtue of its contiguity with another. 
Because their introduction is not 
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contingent on the animal’s behavior. 
Pavlovian reinforcements cannot be 
treated as rewards or punishments in 
any meaningful manner, nor can re- 
wards and punishments be distin- 
guished in a Pavlovian experiment. 
Another difference between the two 
techniques is worth noting. In a 
Thorndikian experiment, the choice 
of the behavior which is to serve as 
the index of learning is independent 
of the choice of reinforcement; any 
of a large variety of responses which 
the animal is likely to make may be 
encouraged with food or discouraged 
with shock. In a Pavlovian experi- 
ment, the reinforcement 
restricts the choice of a behavioral 
indicator; while the conditioned and 
not al- 


choice of 


unconditioned responses are 
ways (as Pavlov thought) identical, 
the investigator must be guided in 
his search for evidence of learning 
by the functional properties of the 
reinforcing stimulus. Sharp as the 
distinction may be between the tradi- 
tional Thorndikian and Pavlovian 
procedures, it has been ignored very 
often by theorists preoccupied with 
the task of deriving all of the data 
the operation of 
a single Pavlov himself 
claimed, of course, that all instances 
of learning could be analyzed as in- 
stances of conditioning, although 
Thorndike, committed as he was to 
the generality of the law of effect, 
never that Pavlov's 
procedure could be cast in the same 


of learning from 


pr oOcess. 


was satisfied 
mold as his own. 
Coordinate with the unitary Thorn- 
dikian (or T-1) situation is the uni- 
tary Pavlovian (or P-1) situation, in 
which the tendency for a CS to pro- 
duce some defined effect is measured 
in termsof latency or magnitude. The 
defined effect may be a response which 
is reflexly elicited by the US, as in the 
salivary conditioning experiment, or 
something quite different, as when 


the rate of fixed-interval responding 
in a Skinnerian situation is depressed 
by shock and by a stimulus paired 
with shock (Estes & Skinner, 1941). 
A P-1 situation may be generalized 
(P-1g) or discriminative (P-1d); in 
the discriminative case, the CS is 
varied systematically from trial to 
trial and with it the likelihood that 
the US will be presented (as, for 
example, when a bright light always 
is followed by food but a dim light 
never is). With two unconditioned 
stimuli, each eliciting a different re- 
sponse, it is possible to set up a P-2 
situation, the Pavlovian analogue of 
the Thorndikian choice situation. 
(A T-2 situation may be consti- 
tuted with but a single reinforcer, 
which is another interesting difference 
between Pavlovian and Thorndikian 
techniques.) The discriminative (P- 
2d) case is perhaps the easier to con- 
ceive than the generalized (P-2g 
For example, one CS is paired with 
acid introduced into the mouth of a 
dog, while another CS is paired with 
meat-powder (Pavlov, 1927). The 
P-2g case must involve some in- 
consistency of reinforcement (which 
is, or course, not true of T-2g). For 
example, a CS is paired with shock 
to the right forelimb on a random 
75% of trials and with shock to the 
left forelimb on the remaining 25% 
of trials. This is the Pavlovian ana- 
logue of a kind of T-2 situation in 
which there has been much interest 
of late. For example, a right turn at 
the choice point of a maze leads to 
food on a random 75% of trials while 
a left turn leads to food on the re- 
maining 25% of trials (Brunswik, 
1939). 

The discrete-continuous dichot- 
omy, which was developed in the 
analysis of Thorndikian procedures, 
seems to have no Pavlovian parallel; 
Pavlovian training is an affair of 
discrete trials. Nor does the notion 
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of “‘chaining’’ have any application 
to Pavlovian procedures. 

A Pavlovian situation, like a 
Thorndikian situation, may serve 
merely as an occasion for learning 
whose effects are measured in sub- 
sequent tests. One such case, well 
known to Pavlov, is that in which 
the presentation of CS and US is 
strictly simultaneous; only when the 
training procedure is altered can the 
effects of pairing be assessed. A 
second is that of “‘sensory precondi- 
tioning’’—conceived originally by 
Thorndike (1898) himself as a check 
on the existence of “‘representations”’ 
—which is analogous to the Thorn- 
dikian experiment with consequences 
of response which are lacking in 
motivational significance; neutral 
stimuli are paired, then one is given 
some behavioral property, and the ef- 
fects of the pairing are estimated from 
response to the other. A third case 
is that in which attention is centered 
on the acquisition, not of response- 
eliciting properties, but of rewarding 
properties (Williams, 1929); for ex- 
ample, ar animal is fed repeatedly in 
a distinctive box (that is, box and 
food are paired), after which access 
to the empty box is made contingent 
upon response in a Thorndikian situa- 
tion. In one variety of experiment 
which has considerable theoretical 
importance, the order of these ex- 
periences is reversed; the contin- 
gency of access to the empty box 


upon some response is displayed, 
after which the anima! is fed in the 
box, and the effect on response is 


measured (Gonzalez & Diamond, 
1960). In general, then, a Pavlovian 
situation may be defined without 
reference either to the occurrence in 
that situation of any particular kind 
of behavioral change, or to the func- 
tional properties of the stimuli which 
are paired. What is essential only is 
@ sequence or conjunction of stimuli 


whose contiguity is independent of the 
animal's response. 


AVOIDANCE SITUATIONS 


The only learning situations which 
cannot be classified unequivocally as 
Pavlovian or Thorndikian are those 
which involve the avoidance of aver- 
sive stimulation. In them, Pavlovian 
and Thorndikian features are closely 
intertwined. On the one hand, a 
neutral stimulus is paired with an 
aversive stimulus, thereby acquiring 
certain arousing properties. The 
pairing is not, on the other hand, 
entirely independent of the animal's 
behavior—the aversive stimulus is 
introduced only if the CS fails to 
elicit some defined response, whose 
likelihood of occurrence (low at the 
outset) the pairing serves to increase. 
This contingency of reinforcement 
on response is not displayed on the 
very first trial, as it is in a pure 
Thorndikian situation. In avoidance 
training, the contingency is a nega- 
tive one, which (since the mere pos- 
sibility of avoidance cannot influence 
the animal) does not become mani- 
fest until the Pavlovian procedure 
has taken effect. 

There is another Thorndikian con- 
tingency which operates in some 
(though not in all) avoidance situa- 
tions, this one making itself felt from 
the very first trial: termination of 
the aversive stimulus may be con- 
tingent on some defined response, 
often—but not always—the same re- 
sponse as that which avoids the 
aversive stimulus. In flexion condi- 
tioning, when shock to the limb is 
administered through a grid on which 
the limb of the animal rests, and 
when the scheduled duration of shock 
is substantial, flexion both escapes 
and avoids shock. In the shuttle box, 
too, the conditions of training may be 
such that changing compartments 
both escapes and avoids shock, al- 
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Warner (1932) noted 
early, the response. which escapes 
shock may be different from that 
which avoids it (for example, leaping 
over a hurdle as compared with crawl- 
It is possible, of course, 


though, as 


ing under). 
to set up an avoidance situation in 
which there is no escape at all. In 
flexion conditioning, shock may be 
administered through a bracelet at- 
tached to the limb, and a control cir- 
cuit so arranged that the CR will 
forestall the shock but the UR will 
not alter its scheduled duration. In 
the shuttle box, the shock may be 
very brief, terminating quite inde- 
pendently of any response the animal 
may make to it (Hunter, 1935). 
Even without escape, however, there 
remains the contingency of aversive 
stimulation on failure of response to 
the CS, an essential feature of avoid- 
ance training which distinguishes it 
from Pavlovian training, while the 
paired stimulation which is respon- 
sible for the emergence of response to 
the CS distinguishes it from Thorn- 
dikian training. Avoidance training 


seems to require a major category of 


its own. 

In its most common use, the shut- 
tle box may be classified as an Ag-1lg 
situation (A for avoidance); a single 


course of action is defined, and its 
latency is measured in discrete trials 
without systematic variation in sen- 
sory conditions 
discriminative (A,g-1d) situation also 


may be generated in the shuttle box; 


The corresponding 


for example, a bright light is followed 
by shock unless the defined response 
is made, but a dim light never is 
followed by shock. In such a situa- 
tion, it may be noted, discrimination 
can progress only as the animal fails 
to respond to the dim light, since the 
consequences of response to the two 
lights are identical. (In a T-1d situa- 
tion, by contrast, the consequences 
of response to the stimuli to be dis- 


criminated are different, and dis- 
crimination therefore is facilitated by 
response to the negative stimulus; in 
a P-1d situation, discrimination may 
progress quite independently of re- 
sponse. ) 

Choice among alternative courses 
of action may be studied in 
avoidance situations. Suppose, for 
example, that shock from a grid in 
the floor of a T maze is scheduled x 
seconds after an animal is placed in 
the starting box. In the generalized 
(Ag-2g) case, shock is avoided. by 
prompt entrance into the end box on 
the right, but not by entrance into 
the end box on the left. In the dis- 
criminative (Ag-2d) case, a turn to 
the right avoids shock when the stem 
of the maze is black, while a turn to 
the left avoids shock when the stem 
is white. Two unconditioned stimuli 
are not required to generate an A-2 
situation as they are to generate a P-2 
situation, but two unconditioned 
stimuli may be used. For example, 
one signal is followed by avoidable 
shock to the right limb, while a sec- 
ond is followed by avoidable shock 
to the left limb (James, 1947). 

The discrete-continuous dichotomy 
developed in the analysis of Thorn- 
dikian situations is applicable also to 
avoidance training. An A,-lg situa- 
tion may be constituted in a modified 
Skinner box or a shuttle box. Ina 
design developed by Sidman (1953), 
no exteroceptive warning signal is 
used, but shock is scheduled every x 
seconds by a clock which the defined 
(The lack of an 
exteroceptive signal does not, of 
course, subvert the definition of 
avoidance training as originating ina 
quasi-Pavlovian contiguity of stim- 
Pavlov himself showed, in- 


also 


response resets. 


uli; as 
ternal processes correlated with the 
passage of time since the occurrence 
of a specified event may be cast in 
the role of CS). In the corresponding 
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discriminative (A,-1d) case, the clock 
which schedules shock runs only 
under one of two sensory conditions. 
Avoidance situations of the continu- 
ous type which do involve exterocep- 
tive signaling also are feasible. In the 
A.-lg case, for example, shock from 
a grid in the floor of a Skinner box 
is scheduled x seconds after the onset 
of a light and avoided by response on 
a variable-ratio schedule. A,-2 situa- 
tions, both generalized and discrim- 
inative, may be generated when 
alternative courses of action are de- 
fined. 

Like Thorndikian situations, avoid- 
ance situations may be chained. Just 
as an animal may learn to run a 
simple T maze under threat of shock, 
so it may learn to run a multiple T 
maze. An example of chaining in an 
avoidance situation of the continuous 
type is the following: with the onset 
of the CS, response to one manipu- 
landum is followed, on a variable- 
ratio schedule, by access to a second 
manipulandum, response to which, 
again on a variable-ratio schedule, 
terminates the CS and avoids shock. 

Although the term implies threat 
of an aversive condition which the 
animal learns to forestall, avoidance 
training, like Thorndikian and Pav- 
lovian training, may be characterized 
without reference to the nature of the 
stimuli employed or to the occurrence 
of behavioral change. It would be 
possible, for example, to train an 
animal with neutral stimulus 
rather than shock in a shuttle box 
designed to produce a substantial 


some 


frequency of spontaneous crossing, 
and then to test for learning after the 
neutral stimulus has been paired with 


shock. Irrespective of outcome, the 
conception of such an experiment is 
sufficient to delineate what is here 
regarded as the essential feature of 
training: @ sequence of 
scheduled with the occur- 


avoidance 
stimuli ts 


rence of the second contingent upon 
the failure of the animal to make some 
specified response to the first. 


TERMINOLOGY 


While there need be no detailed 
comparison of the classification here 
proposed with earlier ones, it may be 
worth while, in the interest of pre- 
serving whatever compatible usages 
may exist, to consider how well some 
of the broader methodological desig- 
nations which now are current will 
serve the needs of the new classifica- 
tion. Since current terminology 
derives from earlier classifications, 
the major differences in emphasis 
must become quite apparent in the 
process. 

The term “conditioning” usually 
is used for the kind of training here 
called Pavlovian, but that term also 
is used rather widely to designate 
techniques which are not here classi- 
fied as Pavlovian, and often as a 
synonym for “‘learning”’ itself. The 
term “classical conditioning’”’ is closer 
to what is here intended by Pavlovian, 
although in some contexts it has a 
narrower meaning (suggesting a har- 
nessed animal) and in other contexts 
a broader one (encompassing avoid- 
Avoidance remains a useful 
term, but “instrumental condition- 
ing’ is too ambiguous, since it has 
been applied indiscriminately both to 
avoidance training and to pure 
Thorndikian training. The term 
“operant conditioning” is even more 
ambiguous; it has a narrow (Skin- 
nerian) sense in which it is tied toa 
questionable distinction between 
“elicited’’ and ‘‘emitted’”’ behavior, as 
well as a more general sense in which 
it is equivalent to instrumental con- 
ditioning. The term “‘selective learn- 
ing’ has a pure Thorndikian conno- 
tation, but it seems to designate a 
process of learning rather than a 
method of studying it. 


ance). 
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In general, there is little to salvage 
in the current terminology. Specific 
situational designations, such as maze, 
problem box, and runway, continue 
to be useful, but the broader classi- 
ficatory terms are unsuitable because 
they are geared to methodological 
dichotomy rather than to trichotomy. 
Even if dichotomy should in time 
give way to trichotomy, of course, it 
is likely that many of the older terms 
will continue to be used with altered 
meanings and with considerable con- 


sequent confusion. The terms for the 


subcategories here defined—unitary 
and choice situations, generalized and 
discriminative situations, discrete and 
continuous situations—fortunately do 
not compete with established usages 
and therefore create less opportunity 
for confusion, although it is possible 


that a clearer notation might be 
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found. Reflection will show, how- 
ever, that complexity of notation is to 
a certain extent an inevitable con- 
sequence of the amount of informa- 
tion to be conveyed. 

It is natural that a new classifica- 
tion should require a new terminol- 
ogy, although a change in classifica- 
tion does not, of course, necessarily 
imply an advance in conception. 
Whether the classification here pro- 
posed represents an advance in think- 
ing about the interrelations among 
learning situations cannot now be 
told. Classification is more, ulti- 
mately, than a matter of taste, but 
there is little else on which to depend 
at the present time. It is to be hoped 
that arenewed concern with problems 
of classification will stimulate fur- 
ther research ~n methodological inter- 
relations. 
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The present review of studies of 


persistence has two main aims: 

1. Of primary importance, it will 
consider the different 
which have been made in the litera- 
ture to the investigation of persist- 
ence with humans. 

2. As a more specialized aim, it will 


approaches 


attempt to clarify the relationship of 
persistence at a task to motives and 
expectations by considering the fol- 
lowing two questions: How does the 
initial ease or difficulty of a task in- 
fluence the persistence displayed by 
a subject in his attempt to perform 
the task? How do individual differ- 
ences in strength of motive to ac hieve 
success (M,) and strength of motive 
to avoid failure (M,,) influence per- 
sistence at a task? 

The general paradigm of the per- 
sistence situation is that in which a 
person is confronted with a very dif- 
ficult or insoluble task and is unre- 
stricted in either the time or number 
of attempts he can work at it. He is 
unsuccessful at these at- 
tempts at the task, but can turn to 
an alternative activity whenever he 
wishes. Persistence may be measured 
by the total time or total trials which 
the person works at the task before 
he turns to the alternative activity. 
Che former measure is sometimes re- 
the literature as tem- 


each of 


ferred to in 
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Dynamics 


poral persistence, the latter measure 
is analogous to resistance to extinc- 
tion. 

Persistence may be distinguished 
from the performance level or effort 
involved in an activity and from the 
direction which an activity takes, 
but belongs with both of these as an 
important behavioral symptom of 
motivation. This distinguishing 
characteristic of motivated behavior 
has long been recognized in the liter- 
ature. To cite a few examples of its 
widespread recognition, McDougall 
(1908), in his discussion of instinct, 
lists persistence as one of the objec- 
tive features of purposive behavior; 
Tolman (1932), while rejecting the 
mentalistic teleology of McDougall’s 
position, considers persistence-until- 
ends-are-attained as a basic criterion 
for molar, purposive behavior; Lewin 
(1935) discusses the persistence of 
tension within the regions of the per- 
son, a conception which has a crucial 
part in the interpretation of the re- 
search concerning rigidity, substitute 
activity, and interrupted tasks (cited 
in Lewin, 1946); and both Hull (1943) 
and Dollard and Miller (1950), 
within the context of drive theory, 
are concerned with the problem of 
continuing action. More recently 
Peak (1955) and Atkinson (1957) 
have emphasized that a theory of 
motivation has as one of its impor- 
tant aims the conceptualization of 
persistence in behavior; and Bindra 
(1959), arguing within the gen- 
eral framework of Hebb’s concepts 
(1949), considers persistence as one 
of the defining characteristics of goal 
directed action. Thus, there is no 
lack of recognition of the importance 
of accounting for persistence in be- 
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havior despite diversity in conceptual 
approaches. 

The background research falls into 
three fairly distinct classes. The first 
class comprises studies which are con- 
cerned with persistence as a trait or 
uniformity in behavior. Typically, 
these study—by correlational tech- 
niques—relationships between per- 
sistence scores (usually in terms of 
time) for a variety of different types 
of task. In more recent research, fac- 
tor analytic methods have been used 
in an attempt to account for the ob- 
tained correlations. The overriding 
interest in these studies is in con- 
sistency in behavior. Will a subject 


who persists at one task also tend to 


persist at another? Consistency, 
where it occurs, is assumed to allow 
the inference of a relatively stable 
personality characteristic. The role 
of situational factors in determining 
behavior tends to be ignored since 
the emphasis is on personality struc- 
traits which transcend the 

To the extent that mo- 
situational influences are 
excluded from consideration, the 
trait approach commits the “‘or- 
ganism error’’ (MacKinnon, 1944). 

The class of studies com- 
prises those with humans which are 
the problem of re- 


tures or 
situation. 
mentary 


, 
second 


concerned with 
sistance to extinction. Although they 
are not commonly discussed as per- 
sistence studies, the structure of the 
situation is to some extent similar to 
that employed in studies where per- 
sistence is conceived as a trait. In 
the trait studies a common technique 
is to measure the time for which the 
subject persists at a very difficult, 
effortful, or insoluble task without suc- 
cess, i.e., temporal persistence. In the 
extinction studies the subject typ- 
ically performs a task without rein- 
forcement after having been sub- 
jected to a particular type of rein- 
forcement schedule during an acqui- 


sition series. Number of trials to ex- 
tinction is taken as the measure. 
This similarity should not blind us to 
important differences between these 
situations. Extinction studies gen- 
erally ignore the possible effect of 
relatively stable personality differ- 
ences and focus more on the influence 
of situational variables, particularly 
differences in the pattern and amount 
of reinforcement in the acquisition 
series. In this respect they are in 
marked contrast to the personality 
oriented trait studies and, to the ex- 
tent that they exclude personality 
differences from consideration, they 
commit the “situation error’’ (Mac- 
Kinnon, 1944). 

Finally, the third class of studies 
comprises those in which persistence 
is conceived as a motivational phe- 
nomenon. On the one hand the 
theory may consider persistence 
mainly in terms of situational param- 
eters leaving personality variables 
relatively unspecified. Lewinian field 
theory appears to come close to this 
approach in its detailed analysis of 
factors in the psychological environ- 
ment such as valences and barriers, 
and its relative lack of an explicit 
analysis of the individual. On the 
other hand the approach may be 
more thoroughly interactive, as in 
the theory of achievement motiva- 
tion (Atkinson, 1957, 1960) which 
conceives of stable personality dis- 
positions or motives in interac- 
tion with expectations and incentive 
values which are both situationally 
defined. It is this latter approach 
that permits clarification of the ques- 
tion of how persistence might be re- 
lated to differences in strength of 
achievement related motives and ini- 
tial expectation of success. Hence, 
more attention will be given to the 
experimental literature from this 
area and only a partial sampling of 
studies from the other two classes of 


sé 
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investigation will be presented. 
The three classes of studies may be 
seen as falling on a continuum with 
personality oriented trait studies at 
one end, situation oriented extinction 
studies at the other end, and studies 
which consider the interaction of per- 
situation between the 


sonality and 


two extremes. 
PERSISTENCE CONCEIVED AS A 
TRAIT UNDERLYING BEHAVIOR 
These investigations fall into two 
main groups: 
1. Those which investigate corre- 


lations between persistence scores for 


a large number of different tasks, 
or correlations between persistence 
other variables such as 


scores and 


age, intelligence, or academic suc- 
cess, but which do not proceed toa 
factor 
are the early trait studies as exempli- 
fied by the classical research of 
Hartshorne, May, and Maller (1929). 


They will be designated ‘‘nonfactorial 
trait’’ investigations of persistence. 


analysis. These, in general, 


2. Those which do proceed to a 
factor analysis. These are designated 
“factorial trait’’ investigations of per- 
sisten ec 

The transition from 1 to 2 exempli- 
the initial the evolu- 


tion towards a scientific explanation. 


hes steps in 
lhere is progression trom the con ept 
ol persistence as a property olf per- 
than 
others, to the attempt to «¢ lassify dif- 
It will be 
argued, however, that classification 
a preliminary step, albeit a 
most and that the 
factor studies fail to pro- 
vide an adequate conceptualization 


of why people differ in persistence be- 


sons, some possessing it more 


ferent types ol persistence. 
is only 


important 
analytic 


one, 


tween situations. 
Nonfactorial Trait Studies 


Many of these early investigations 
of persistence are reviewed by Ryans 


(1939). Perhaps the best illustration 
of a nonfactorial trait study is to be 
found in the monumental research of 
Hartshorne, May, and Maller (1929). 
In this investigation a wide variety of 
tasks were used, some of which were 
administered individually, others in a 
group setting. The eight persistence 
tests that were employed consisted of 
story resistance, puzzle mastery, pa- 
per and pencil puzzle solution, fatigue 
and boredom in mental work, hunt- 
ing for hidden objects, continued 
standing on right foot, eating cracker 
and whistling, and solving a toy puz- 
zle. The reliability coefficients were 
found to range from .40 to .85. Va- 
lidity coefficients obtained by com- 
paring test results with teachers’ rat- 
ings of persistence were from zero to 
.33. The correlations between the 
various generally low. 
There was low positive correlation 


tests were 
between results of persistence tests 
and intelligence test scores. Some 
tendency was found for persistence 
to increase with the age 
range (9-16 years) investigated. 

In common with the foregoing 
study, other early trait studies of 
persistence investigated an extensive 
and often bewildering variety of 
tasks which ranged from subjective 
ratings of persistence, through diff- 
cult or insoluble puzzle tasks, to 
measures of physical endurance. Per- 
sistence was usually measured by 
total time taken at the task. In ad- 
dition to differences in the types of 
task employed one would also expect 
differences in the test context in 
which these tasks were presented, 
e.g., the degree to which the situation 
was achievement oriented, whether 
or not the task was administered in- 
dividually or to a group. In view of 
these differences it is not surprising 
that intercorrelations of persistence 
scores were often low. With the in- 
creasing use of factor analytic meth- 


age for 
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odology it was natural for investi- 
gators to look for order in the con- 
comitances and to go beyond the 
often puzzling examination of the cor- 
relation table to the statistical intri- 
cacies of factor extraction. 
Factorial Trait Studies 

One of the earliest factor analytic 
studies concerned with persistence 
was carried out by Webb (1915). 
Working within the context of a 
Spearman analysis, he correlated rat- 
ings and isolated a W factor which 
was thought to comprise component 
traits such as reliability, tact, and 
persistence of motives. Crutcher 
(1934) in another early factorial in- 
vestigation London school 
children (age range 7-16 years) on 
persistence tests including card-house 
building, mechanical puzzle solution, 
addition, picture copying, and can- 
He found a correlation of 


tested 


celing A’s. 


.30 between persistence and intelli- 


gence, and a tendency for more per- 
sistent children to be slightly in- 
clined towards introversion. When 
the intercorrelations between time 
taken on each of the various per- 
sistence tasks by his subjects were 
analyzed by the Spearman tetrad 
method, Crutcher found some evi- 
dence for a general factor. Alexan- 
der (1935) identified an X factor, 
which ran through school subjects 
but not through ability measures, as 
involving persistence, and this was 
consistent with the generally ob- 
tained positive correlation between 
persistence measures and school suc- 
cess. 

Later investigations by Ryans 
(1938), Thornton (1939), Rethling- 
schafer (1942), Kremer (1942), and 
MacArthur (1955) are reviewed by 
Eysenck (1953) in some detail. He 
considers MacArthur’s study as meth- 
odologically the most satisfying. 
MacArthur, following preliminary in- 


vestigation, selected a large number 
of individual and group tests for ad- 
ministration, including the tradi- 
tional tests which had been used in 
the measurement of persistence, as 
well as measures of intelligence, 
school grades, age, self-ratings, peer 
ratings, and ratings by teachers. 
Subjects were 120 boys and the influ- 
ence of ability on persistence was 
partialed out. A Thurstone analysis 
of intercorrelations yielded five fac- 
tors as follows: (a) General persist- 
ence, with peer ratings (.603) and 
time spent on magic square (.584) 
having the highest saturations; this 
factor ran through both ideational 
and physical measures, word build- 
ing had a saturation of .472 and 
maintained handgrip .432. (0) A bi- 
polar factor contrasting individuality 
with prestige suggestibility; tests in 
which subject had no knowledge 
about performance of classmates 
were positively loaded; tests where 
this knowledge was available were 
negatively loaded; this factor re- 
sembled Kremer’s ‘will to ‘com- 
munity” factor. (c) A bipolar factor 
contrasting measures of reputation 
for persistence with objective meas- 
ures of time spent by subject at the 
task; this reputation factor resembled 
Kremer’s ‘“‘stability of character” 
factor; further, measures opposite in 
sign were very similar to those defin- 
ing Thornton’s “keeping at a task” 
factor running through ideational 
tests. (d) A factor running through 
the physical tests and closely resem- 
bling Thornton’s ‘‘withstanding dis- 
comfort to achieve a goal’’ and Reth- 
lingshafer’s ‘‘willingness and/or abil- 
ity to endure discomfort.’ (e) A fac- 
tor running through spatial and nu- 
merical tasks and interpreted as 
spatial-numerical persistence. Mac- 
Arthur’s results thus brought together 
in the one study many of the previous 
findings. A persistence score based 
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on a combination of the eight tests 
with the highest communalities cor- 
related .30 with marks with 
intelligence partialed out, and had an 
index of reliability of .90. MacArthur 
found it best to avoid suggesting that 


school 


persistence was desirable and pro- 
vided activities to which subject 
could turn when he had spent as long 
as he wished at the task. 

Eysenck (1953) 


results of 


the 


foregoing 


summarizes 


general the 


studies as follows: 


The evidence is t airly conclusive that per- 
sistence constitutes an important trait in our 
culture; that this trait is of relatively unitary 
nature and can be measured to the extent in- 
dicated by a validity of .9. In addition to this 
general factor of persistence, we find groups of 
activities which cluster together and define 
more specific types of persistence, suc h as per- 
sistence in physical tasks or persistence in 
ideational tasks. These smaller and less im- 
portant factors also are subject to measure- 
lity probably not 
general itself. Per- 
usured by tests is fairly closely 


ment with a degree of vali 


much below persistence 
sistence as me 
related to persistence as rated by others, and 
can be said to predict performance in life 
situations to a definitely significant extent. 
Persistence tends to show slight correlations 
with intelligence, more impressive ones with 
“‘w"’ or lack of neuroticism and with introver- 


sion (p 290). 


[hese latter results, involving neu- 
and extraversion-introver- 
discovered in research 
conducted in Eysenck’s laboratory 
(1947, 1952). Persistence in these in- 
vestigations was measured by a phys- 
ical endurance test (holding leg above 
an adjacent chair). Recently, Ey- 
senck (1957) has attempted to give a 
the relation- 


roticism 


sion, were 


theoretical account of 


ship of persistence to personality di- 


mensions using assumptions about 
the development of inhibitory and 
excitatory potentials, a conception 
which is related to Pavlov’s (1927) 
theory of experimental neurosis. Ex- 
traverts are assumed to be individ- 
uals in whom excitatory potential is 
generated slowly and at a weak level, 
but in whom inhibitory potential de- 


velops quickly to a strong level and 
then dissipates slowly. In contrast, 
introverts are assumed to be indi- 
viduals in whom excitatory potential 
is generated quickly and at strong 
level, but in whom inhibitory poten- 
tial develops slowly to a weak level 
and then dissipates quickly. Differ- 
ences between introverts and extra- 
verts in persistence are related to the 
differential in inhibitory potential. 
The stronger inhibitory potential de- 
veloped in extraverts would lead to 
the expectation that they should 
show relatively less persistence at a 
task than introverts. This expecta- 
tion is supported in the investigations 
using the physical endurance test. 


Evaluation of Trait Studies 

Without question the factor ana- 
lytic approach to the study of per- 
marked an advance over 
simple correlation-type 


sistence 
the earlier 
studies. While these latter investiga- 
tions did contribute a rich variety of 
tasks, they often appear to have in- 
volved a rather uncritical lumping to- 
gether of diverse activities without 
much attempt to account for similari- 
ties and differences in results. The 
factor analytic studies contributed to 
the classification of these tasks and 
thus assisted in bringing some order 
into a complex pattern of relation- 
ships. In this respect they repre- 
sented a step in the direction of sci- 
entific progress. But, while it is of 
value to know, for example, that ide- 
ational persistence tasks separate in 
factor analytic research from phys- 
ical persistence tasks and that there 
are differences in persistence for tasks 
administered in a group setting and 
tasks administered individually, this 
information itself serves only as a 
starting point. The typ- 
ically goes beyond classification to ex- 
planation. He wants to know not 
only how phenomena may be grouped 
together, but also how they are uni- 


scientist 
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formly related to other phenomena in 
terms of a conceptual framework 
which will provide both a scientific 
account of extant findings and a 
promising direction to new research. 
Factor analytic studies of persist- 
ence are theory oriented only insofar 
as they invoke the concept of trait 
which carries with it the implication 
of a stable structure transcending the 
immediate situation. But it is argued 
that such a concept offers only an in- 
complete understanding. The 
covery of the fine-grain of the ob- 
served phenomenon will involve not 
only knowledge of personality struc- 
tures but also a thorough understand- 
ing of the role of the immediate situa- 
tion in relation to behavior, and the 
interaction between such situational 
factors and personality dispositions. 
It should be possible to account both 
for differences between individuals in 
persistence in the one situation, and 
differences in persistence for the one 
individual in different situations. 

The next set of studies to be dis- 


dis- 


cussed certainly does not satisfy this 
interactional requirement. In fact, 
these investigations appear to stand 
at the opposite extreme from the 
trait studies in that they examine the 
effect of variations in sttuation on 
persistence and tend to ignore rela- 
tively stable personality variables. 
Thus, like the trait studies, they are 
one-sided. They are, however, of in- 
terest in showing how persistence, in 
terms of resistance to extinction, 
varies with changes in an acquisition 
series. This type of study may be 
conceived as bearing more upon the 
relationship of persistence to expecta- 
tion. 


PERSISTENCE CONCEIVED AS 
RESISTANCE TO EXTINCTION 

As indicated 
with humans in which resistance to 
extinction is related to different types 
of reinforcement schedules are not 


previously, studies 


commonly classified as persistence in- 
vestigations. However, continuing 
an activity in the face of uniform 
nonreinforcement is similar to the fa- 
miliar persistence situation in which 
the subject works at a task without 
success. The relevance of extinction 
studies to the present review is in- 
creased further by the fact that one 
common interpretation of the ob- 
tained results relates the number of 
responses to extinction to a concept 
of expectancy and its manner of 
change. The studies considered in the 
present section are restricted to those 
in which discussion of results involves 
some reference to a concept of ex- 
pectancy. The reader is referred to 
reviews by Jenkins and Stanley 
(1950) and Lewis (1960) for compre- 
hensive coverage of the partial rein- 
forcement literature. 

The general finding in these extinc- 
tion studies is that: 
All other things equal, resistance to extinction 
after partial reinforcement is greater than 
after continuous reinforcement when _ be- 
havior strength is measured in terms of single 
responses (Jenkins & Stanley, 1950, p. 222). 


Jenkins and Stanley review a large 
number of studies which support this 


conclusion. 

For example, Humphreys (1939b) 
in an early study of eyelid condition- 
ing found that random alternation of 
reinforcement and nonreinforcement 
led not only to as much conditioning 
as reinforcement per trial but also to 
greater resistance to extinction. Dur- 
ing extinction, responses for subjects 
who were partially reinforced first in- 
creased in frequency and then de- 
creased. This result can be consid- 
ered in terms of expectancy theory 
since the subject would presumably 
have a greater expectation of a rein- 
forcement after one or two nonrein- 
forcements, particularly since in the 
acquisition stage of the experiment 
there were never more than two suc- 


cessive nonreinforcements. Hum- 
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phreys argued that the shift from in- 
termittent reinforcement to uniform 
nonreinforcement must have _ led 
more slowly to the expectation of uni- 
form nonreinforcement for subjects 
who were partially reinforced, while 
this change in expectation would oc- 
cur more rapidly for subjects who 
were uniformly reinforced during ac- 
quisition. 

In a subsequent experiment, Hum- 
phreys (1939a) used an apparatus in 
which two lights were arranged on a 
board. The subject had to 
when one of these lights was turned 
on, whether or not it would be fol- 
lowed by the other light. Half of the 
subjects were trained with the first 
light invariably following the 
ond; for the other half the second 
light was turned on only in random 
alternation so that it appeared half 
of the time. Humphreys found that, 
under extinction conditions (i.e., the 
first light was never followed by the 
second), the uniform reinforcement 
group quickly developed the hy- 
pothesis of uniform nonreinforce- 
ment. The intermittent reinforce- 
ment group showed an initial rise in 
expectation followed by gradual ac- 
ceptance of the hypothesis that there 
would be no second light. 

More recently, Lewis and Duncan 
(1958) have studied the way in which 
variation in the frequency of reward 


guess 


Ssec- 


during an acquisition stage and vari- 
ation in the length of an acquisition 
stage affects the number of trials to 
extinction and stated expectation of 


reinforcement. An electronic slot 
machine was used in the experiment 
and was set to pay off according toa 
prearranged schedule when buttons 
were pushed and a lever was pulled. 
In a factorial design, a constant pay- 
off occurred on 33%, 67%, and 100% 
of trials during acquisition, com- 
bined with 3, 6, 12, and 21 acquisition 
plays. Following the last acquisition 
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play extinction began with no fur- 
ther payoffs. The subject could play 
the machine for as long as he liked. 
Lewis and Duncan found that the 
larger the number of acquisition 
trials the less the plays to extinction. 
There was a tendency for smaller per- 
centages of reinforcement to be as- 
sociated with a greater number of 
plays to extinction, the usual partial 
reinforcement effect. Expectancies, 
measured before each trial by a rat- 
ing technique, were found to increase 
differentially during acquisition as a 
direct function of the percentage of 
reinforcement. Expectancies de- 
creased differentially during extinc- 
tion as a direct function of the per- 
centage of reinforcement, a result 
which is not inconsistent with the 
Humphreys interpretation. Finally, 
there was no clearcut statistical evi- 
dence that number of acquisition 
trials had any effect upon expectan- 
cies. In an earlier study (Lewis & 
Duncan, 1957) using the same ap- 
paratus, it was found that when 
magnitude of reward was varied, 
larger amounts of reward were as- 
sociated with more plays to extinc- 
tion. 

Lewis and Duncan (1958) main- 
tain that their results are consistent 
with a discrimination hypothesis 
concerning extinction (Bitterman, 
Federson, & Tyler, 1953). Extinction 
is assumed to occur because it is clear 
to the subject that no more rewards 
will occur. He responds to the acqui- 
sition series as a whole. Under condi- 
tions where extinction conditions are 
similar to acquisition conditions, 
discrimination is difficult and extinc- 
tion therefore prolonged. Where 
acquisition and extinction series are 
very dissimilar, discrimination is 
easier and extinction therefore more 
Percentage of reward is an 
similarity-dis- 


If the 


rapid. 
important factor in 
similarity of the two series. 
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percentage of reward is low in the 
acquisition series, then the acquisi- 
tion series is more similar to the ex- 
tinction series; discrimination is diffi- 
cult and thus extinction takes longer. 

James and Rotter (1958), in an 
interesting methodological contribu- 
tion to the literature, argue that 
studies of the partial reinforcement 
effect have failed to consider differ- 
ences between those situations in 
which the subject is likely to see the 
occurrence of the reinforcements as 
outside his control and_ primarily 
contingent upon external conditions, 
and those situations in which the 
subject can relate the occurrence of 
the reinforcements to his own skill. 
They believe that the chance-skill 
dimension is an important one along 
which situations can be categorized. 
Thus, for example, Phares (1957) 


found significantly greater changes in 
expectancies for skill groups than for 
chance groups although all subjects 


had the same number and pattern of 
reinforcements. In research by 
Feather (1959b) this dimension was 
found to be important with respect 
to the influence of variation in sub- 
jective probability of success on the 
attractiveness of attaining a goal and 
the tendency to choose it.  Littig 

1959) in discussing the results of his 
study of probability preferences and 
subjective probability proposes a 
similar distinction between skill and 
chance situations. 

James and Rotter (1958) argue that 
in an acquisition series involving 
uniform reinforcement the subject 
receives no cues of nonreinforcement. 
Hence, when the extinction series 
begins, he is able to utilize the first 
nonreinforcements as cues that the 
situation has changed. If he per- 
ceives control of the situation as 
external, a sudden decrease in ex- 
pectancy should tend to occur and 
rapid extinction. But, under partial 
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reinforcement conditions these cues 
of nonreinforcement are present in 
the training series. Hence, when the 
extinction series begins, the first non- 
reinforcement is not a new cue which 
can be used to discriminate a change 
in situation. Consequently, extinc- 
tion should be more gradual, with 
more trials required before the sub- 
ject recategorizes the situation. Ina 
chance type of situation resistance to 
extinction is also increased by the 
subjects tendency to count and ver- 
balize relationships. In the acquisi- 
tion series he is likely to develop the 
hypothesis that a series of nonrein- 
forced trials will probably be fol- 
lowed by a trial on which reinforce- 
ment is forthcoming. This “‘gambler’s 
fallacy’’ may also occur during the 
extinction series. Thus increased 
resistance to extinction should result. 

However, where the situation in- 
volves skill, the subject perceives 
reinforcements and cues as produced 
by factors controlled by himself. In 
the uniform reinforcement situation 
he is less likely (when the extinction 
series begins) to recategorize the 
situation as having changed. Under 
these conditions one would not ex- 
pect sudden decreases in expectancy. 
Furthermore, when the subject is 
partially reinforced in the skill situa- 
tion, the gambler’s fallacy should not 
be operative since nonreinforcement 
is attributed to lack of skill rather 
than to luck factors. James and 
Rotter (1958) maintain that this 
theoretical analysis would lead to 
the prediction that in skill situations 
a 100% reinforcement group would 
be more resistant to extinction than a 
partial reinforcement group. To test 
this prediction they contrasted 100% 
and 50% random reinforcement un- 
der conditions where subjects were 
instructed either that success at the 
task was determined by chance or by 
their own skill. Using a simple card 
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guessing game presented tachisto- 
scopically with chance versus skill 
instructions, they found that under 
skill conditions the usual superiority 
of the partial reinforcement group did 
not occur. In fact, 100% reinforce- 
ment led to less rapid extinction than 
50% reinforcement, although the 
difference was not statistically sig- 
nificant. The usual partial reinforce- 
ment effect obtained in the 
chance situation. The 100% chance 
group extinguished significantly 
faster than the 50% chance group. 


was 


Evaluation of Extinction Studies 

The above investigations by Hum- 
phreys and by Lewis and Duncan 
imply that a high expectation of rein- 
forcement developed in an acquisi- 
tion series of trials will tend to be 
associated with low behavioral per- 
sistence as indicated in rapid extinc- 
rewards are no longer 

Conversely, low ex- 


tion when 

forthcoming. 
pectation of reinforcement will tend 
to be associated with high behavioral 
persistence as indicated in a greater 
resistance to extinction. However, 
the study by James and Rotter sug- 
gests that it would be unwise to pro- 
ceed to such a generalization for all 
Usually partial reinforce- 
conducted 


situations. 
ment studies been 
with tasks in which the 
ments, when they occur, appear to be 
externally controlled and independent 
of the skill of the subject. In contrast, 
as we saw in the preceding section, 


have 
reinforce- 


research in persistence in most cases 
has used tasks which are on the skill 
side of the continuum, where success 
and failure related to the 
subject’s own efforts and not to con- 
ditions outside of his control. 
Furthermore, persistence tasks of 
the insoluble puzzle variety usually 
provide a wide and relatively inex- 
haustible range of alternative re- 
sponses following failure, whereas in 


can be 
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the extinction study the response 
tends to be restricted to a particular 


action. Presumably, in the former 


case a number of different alternative 
responses have to extinguish while in 


the latter case only one. 

Finally, it is worth noting again 
the situational emphasis in these 
extinction studies. The stress is on 
varying the way in which reinforce- 
ments occur in an acquisition series 
and tends to exclude consideration of 
the effect of relatively stable per- 
sonality differences on resistance to 
extinction. As indicated, these stud- 
ies may be conceived as more relevant 
to the relationship of persistence to 
situationally elicited expectations. 
Thus, neither the trait studies nor the 
studies discussed in this section take 
account of both personality and situa- 
tion parameters in interaction, and 
their approach is to this extent 
limited. The studies to be discussed 
in the next section do attempt to 
recognize this interaction in their 
theoretical conceptualization  al- 
though they vary in the degree to 
which the interaction is made ex- 
plicit. 


PERSISTENCE CONCEIVED AS A 
MOTIVATIONAL PHENOMENON 

The studies in this section conceive 
of persistence in relation to a theory 
of motivation. Two theories are 
particularly relevant to this review: 
Lewinian field theory with its as- 
sumption of behavior determined by 
the psychological life space and all 
that it involves; the theory of achieve- 
ment motivation (Atkinson, 1957, 
1960) with its interactive assumption 
of motivation as a function of mo- 
tives, expectations, and incentive 
values. 

While both of these theories are 
interactional in the sense that each 
considers situational and personality 
parameters, it will be argued that the 





STUDY OF PERSISTENCE 


latter marks an advance over the 
former in the way in which persist- 
ence may be conceived, in that it 
offers a more explicit formulation 
both of individual differences in mo- 
tive and the way in which motives, 
expectations, and incentives are com- 
bined. Therefore it is considered that 
the theory of achievement motivation 
offers greater potential for an ex- 
plicit account of persistence in 
achievement contexts than Lewinian 
field theory. In this section, as in the 
discussion of trait studies, successive 
sets of studies exemplify an advance 
in the evolution of scientific explana- 
tion, in this case from fairly general 
field theory to a more explicit model 
concerned with behavior in the 
achievement situation. 

Lewinian Field Theory 

Lewinian field theory in its basic 
equation B=f(P,E) has long recog- 
nized the necessity of considering 
behavior in ‘terms of interacting 
personality and situational factors. 
It is of interest to examine the ap- 
proach taken to the problem of per- 
sistence by this theory. 

The typical situation employed in 
the investigation of persistence can 
probably be represented topologically 
and dynamically in Lewinian terms 
as a frustration situation in which a 
person in a state of tension is sepa- 
rated at some psychological distance 
from a goal (or region of positive 
valence) by a barrier. This barrier is 
the source of restraining forces which 
oppose the driving forces acting upon 
the person in the direction of the 
goal. The barrier may be objectively 
insurmountable, as when the subject 
is given an insoluble puzzle and 
asked to solve it, or the barrier may 
represent a very difficult task in 
which case the opposing restraining 
forces would be very strong but could 
possibly be surmounted. There may 
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be other regions of positive valence 
in the psychological environment to 
which the subject may turn if he so 
desires. 

It is true that there are some situa- 
tions in the persistence literature 
which do not appear to conform to 
this paradigm. For example, the 
investigation of persistence against 
boredom and fatigue would appear 
to be more related to the Lewinian 
studies of satiation, and dynamically 
different from the frustration type of 
situation mentioned above. But 
Lewin (1946) himself appears to con- 
sider persistence in terms of the 
person-barrier-goal situation when he 
writes: ‘‘What is usually called per- 
sistence is an expression of how 
quickly goals change when the in- 
dividual encounters obstacles’’ (p. 
824). He discusses research by 
Fajans (cited in Lewin, 1946) as fall- 
ing within this context. Fajans, ina 
study of success, persistence, and 
activity in infants and young chil- 
dren, investigated the effect of sepa- 
rating children from a goal object at 
different distances. She found that 
previous failure at a task decreased 
persistence when subjects were again 
confronted with the same type of 
difficulty and when persistence was 
measured by duration of approach. 
In contrast, success led to a relative 
increase in persistence. When the 
same task was repeated, a combina- 
tion of success and praise was more 
effective in increasing persistence 
than success alone. Similar effects of 
success and failure were found by 
Wolf (1938). Persistence was also 
found to increase with decreasing 
distance from the goal. These results 
are relevant to the present review to 
the extent that previous success and 
failure may be considered important 
determinants of present expectations 
of success and failure. Considered in 
this light, the Fajans research implies 
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that persistence is positively related 
to the subject's expectation of suc- 
cess and negatively related to his 
expectation of failure. 

It is important to note that Fajan’s 
research, and indeed the great bulk of 
Lewinian investigations, not 
take account of individual differences 
in both nature and strength of mo- 
tive. While the concept of tension is 
basic in Lewin’s conceptualization of 
the person and influences the way in 
which the person sees the environ- 
ment, it is not spelled out in any de- 
tail in the theory. It is a concept 
consistent with the field emphasis of 
environment each 


does 


a person in an 
influencing the other, but it applies to 
an individual and differences between 
persons with respect to tension are 
not explicitly formulated. One might 
ask how many different types of ten- 
sion there are, whether Individual X 
is stronger than Individual Y with 
respect to one type of tension, how 
these tensions develop, to what ex- 
tent they are stable, what is their 
precise relationship to valence, etc. 
But perusal of Lewinian field theory 
does not provide definite answers to 
these questions. Perhaps this is a 
consequence of the emphasis on the 
individual and the protest 
igainst Aristotelian class concepts. 
In actual experiments it appears to 
lead to operations which are more 
concerned with manipulating the 
psychological environment of a per- 
and details of differences in 
personality structure tend to be left 
unspecified. Where the P is manipu- 
lated the operations are directed to 
producing an intraindividual effect 
for the one person rather than study- 
ing the effect of variation between 
persons. 

Chat personality differences are 
important is recognized by Henle 
(1955) in her research on substitute 
value within a Lewinian context. 
‘Thus she writes: 


case, 


son, 
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the relevant segment of behavior does not con- 
sist simply of activity directed to satisfy a 
quasi-need to complete a particular task, but 
must be thought of as activity to a more inclu- 
sive goal (p. 536). 


Presumably then we need to consider 
not only transient situational factors 
but also the specific behavior of the 
person in relation to more general and 
inclusive life goals and motives. In 
this sense the theory of achievement 
motivation (Atkinson, 1957, 1960) is 
more explicit than Lewinian field 
theory. It involves not only a con- 
ceptualization of the effects of mo- 
mentary situation (in terms of the 
concepts of expectation and incentive 
value) but also provides for the influ- 
ence of relatively stable dispositions 
(or motives) on behavior. The theory 
is more restricted than Lewinian field 
theory since it is specifically directed 
to the analysis of behavior in achieve- 
ment contexts performance 
may be related to standards of ex- 
cellence. However, it is possible that 
the general “expectancy value’’ ap- 
proach, of which the theory of 
achievement motivation is a particu- 
lar example, may ulti:nately clarify 
our understanding of behavior in 
many other types of situation. 


where 


Theory of Achievement Motivation 


Of the four studies of persistence to 
be considered in this section only the 
latter two studies by Atkinson and 
Litwin (1960) and by Feather (1960) 
are historically an outcome of the 
theory of achievement motivation. 
The other two investigations by 
Winterbottom (1958) and by French 
and Thomas (1958) preceded the 
theory and are more readily classified 
with earlier studies (McClelland, 
Atkinson, Clark, & Lowell, 1953) 
which were concerned initially with 
the development of a valid measure 
of the achievement motive. This 
validation was of two main kinds: 
experiments concerned with the ef- 
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fect of experimental arousal of moti- 
vation on imaginative thought, and 
experiments concerned with the ef- 
fect of individual differences in 
motive strength on behavior. The 
initial approach adopted towards 
validating the measuring instrument 
had a common sense basis. It was 
expected that the achievement mo- 
tive would be more strongly elicited 
under achievement oriented or test 
conditions than in a relaxed situation, 
and that subjects with high achieve- 
ment motive would demonstrate this 
in behavior, e.g., by working harder 
at a task than subjects with weaker 
achievement motive. The studies by 
Winterbottom, and by French and 
Thomas, fit into this class since they 
investigated the common sense pre- 
diction that subjects with high 
achievement motive should have 
relatively higher motivation to suc- 
ceed and hence should tend to show 
greater persistence. 

Winterbottom (1958) as part of an 
investigation of the relationship of n 
Achievement to early childhood train- 


ing experiences, observed 29 8-year- 
old boys in a puzzle solving situation. 
During the test each child was given 
the opportunity to ask for help when- 
ever he wanted it, and was offered 
help and rest at intervals. Using the 


projective thematic apperception 
(TAT) method (McClelland et al., 
1953) of measuring the achievement 
motive, Winterbottom found that 
boys who were high in n Achievement 
on stories obtained immediately after 
the puzzle solution period (i.e., under 
achievement oriented conditions) ,less 
frequently requested help and more 
often refused an invitation to stop 
work and rest than boys low in 
n Achievement. Boys high in n 
Achievement under both relaxed and 
achievement oriented conditions more 
often refused help even when it was 
offered. Thus, she obtained evidence 
for greater persistence in the high n 
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Achievement group in the sense of 
desire to continue with the task with- 
out external assistance or rest. In 
common with a great deal of research 
in achievement motivation, Winter- 
bottom defined high and low n 
Achievement groups on the basis of a 
median split in the distribution of 
scores. 

French and Thomas (1958) in a 
study involving 92 subjects from a 
United States Air Force base, found 
a clear positive relationship between 
time spent on a complicated mechani- 
cal problem and n Achievement as- 
sessed by the French Test of Insight, 
an apperceptive content device scored 
for n Achievement in the same way as 
the TAT (French, 1958). Again, 
high and low n Achievement groups 
were contrasted on the basis of a 
median split. The majority of the 
high motive group used most or all of 
the time available for the puzzle (35 
minutes), while only a few of the low 
motive group continued with the 
puzzle to the end. Thomas (1956) 
had previously found that strength 
of achievement motive was related to 
the length of time a subject would 
work at a problem without objective 
knowledge of progress. 

As we have indicated, these two 
studies were not conceived with any 
theoretical model in mind. However, 
it was natural that, with the accumu- 
lation of research concerning achieve- 
ment motivation, attempts would be 
made to conceptualize results in 
terms of some systematic framework. 
McClelland and Clark (McClelland 
et al., 1953, Ch. 2), in the course of a 
discussion of a more inclusive theory 
of motivation involving the concept 
of affective arousal, had made some 
suggestions about the status of the 
achievement motive with respect to 
this theory. In the Nebraska Sym- 
posium on Motivation Atkinson (1954), 
drawing on formalizations of expect- 
ancy theory by MacCorquodale and 
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Meehl (1953) and Tolman and Post- 
man (1954), analyzed the role of the 
situation in relation to behavior in 
achievement contexts in terms of the 
expectations which are elicited. This 
line of thinking was further elabo- 
rated in his later analysis of risk tak- 
ing behavior in terms of a theory of 
achievement motivation (Atkinson, 
1957). The general approach of which 
the theory of achievement motivation 
is a particular case, considers motiva- 
tion* expressed in the direction, mag- 
nitude, and persistence ot behavior, 
as a positive function of the strength 
of motive within the the 
strength of the expectancy of satisfy- 


person, 


ing the motive through some action 
instrumental to the attainment of a 
goal or incentive, and the value of 
the specific goal or incentive that is 
presented in a given situation. As 
such, this approach belongs to a class 
of expectancy value theories which 
all involve somewhat 
cepts (Feather, 1959a). 

The theory of achievement motiva- 


similar con- 


tion is specifically addressed to those 
situations in which performance at a 
task 
scale of 
culty. 
performance at a 
highly valued and is 
companied by a feeling of pride in ac- 
failure at an 


against a 
to diffi- 
In such a situation, successful 
difficult level is 
generally ac- 


evaluated 
related 


may be 
excellenc e 


complishment, while 
easy level is negatively valued and is 
generally accompanied by a feeling of 
embarrassment. The 
involves the following six 
variables: the subjective probability 
or expectancy of (P,), the 
subjective probability or expectancy 
of failure (P;), the positive incentive 


shame and 


theory 


success 


sharp distinction 
Strength of 
motive is one influence on strength of motiva- 
tion. Other factors influencing strength of 
motivation are levels of expectation and mag- 
nitude of incentive value. 


2 The theory draws a 


between motive and motivation 
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value of success (I,), the negative 
incentive value of failure (I), the 
motive to achieve success (M,), and 
the motive to avoid failure (M,,). 
The subjective probabilities refer to 
situationally aroused expectancies in 
the person concerning the probability 
of the consequences of instrumental 
acts. Positive incentives refer to 
potential rewards and goals, negative 
incentives to potential punishments 
and threats. Motives are conceived 
as dispositions within the person to 
approach certain classes of positive 
incentives and to avoid certain 
classes of negative incentives. The 
motive to (M,) is 
conceived as a disposition to derive 


achieve success 
satisfaction from successful exercise 
of skill; the motive to avoid failure 
(Mags) is conceived as an independent 
disposition to experience shame and 
embarrassment as a result of failure. 
Both of these dispositions are as- 
sumed to be activated when the situ- 
ation arouses expectancies in the 
person that his performance will be 
evaluated against standards of ex- 
cellence associated with success and 
failure. ‘These motives are considered 
to be relatively stable dispositions of 


the person acquired early in life. 
Specific assumptions are made in 
the theory concerning the incentive 
These 
assumptions were suggested in more 
general form in the resultant valence 
theory of level of aspiration (Lewin, 


values of success and failure. 


Dembo, Festinger, & Sears, 1944). 
There it was assumed that the at- 
tractiveness of success increases with 
decrease in the expectation of success, 
and that the repulsiveness of failure 
increases with decrease in the ex- 
pectation of failure. In addition 
Lewin et al. assumed that the sub- 
jective probability of failure is one 
minus the subjective probability of 
The relationship of attrac- 
tiveness of success and repulsiveness 


success. 
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of failure to subjective probability is 
made more explicit in the theory of 
achievement motivation. It is as- 
sumed that the positive incertive 
value of minus the 
subjective probability of success: i.e., 
I,=1-—P,. Further, the negative 
incentive value of failure is taken as 
the minus value of the subjective 
probability of success: i.e., Ip= — Ps. 

The theory assumes that the basic 
variables combine multiplicatively to 
determine positive achievement moti- 
vation (M,xXP,XI,) and negative 
failure avoidant motivation (Mays 
<x PX 1)). These component 
motivations combine additively to 
generate resultant motivation. 

The theory implies that this re- 
sultant motivation to perform the 
task is positive when the motive to 
achieve success is stronger than the 
motive to avoid failure (i.e., M, > Mas) 
and negative or task avoidant when 
M.r>M,. Hence, an individual in 
whom M,>M,; should demonstrate 
positive interest in achievement re- 
lated tasks whereas an individual in 
whom M,;>M, should tend to avoid 
achievement related tasks unless he is 
constrained to perform them. Pre- 
dictions can be made from the theory 
concerning the effects of individual 
differences in the strength of M, and 
Mar on level of task performance, 
risk taking, and persistence. These 
predictions have been tested in a 


success is one 


two 


number of investigations summarized 
in a recent review (Atkinson, 1960). 

Of particular interest to the present 
review is the study carried out by 
Atkinson and Litwin (1960). Using 
the theory of achievement motiva- 
tion they predicted that, holding task 
constant, stronger M, should be as- 


sociated with greater persistence, and 


stronger M,; should be associated 
with less tendency to persist. Actu- 
ally the study had a much wider set 
of aims for it was designed to show 
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the extent to which the resultant 
motivation as predicted from the 
theoretical model would be manifested 
in the defining characteristics of be- 
havior qua motivated, namely, choice 
(direction), performance level, and 
persistence. In particular, Atkinson 
and Litwin were interested in provid- 
ing evidence for the construct validity 
of the French Test of Insight (French 
1958) and the Mandler-Sarason Test 
Anxiety Questionnaire (Mandler & 
Sarason, 1952) as methods for as- 
sessing strength of M, and Mgy, re- 
spectively. The construct validity of 
these tests would be strengthened by 
showing that, when they are used for 
assessing the corresponding motives, 
measures of risk taking, performance 
level, and persistence (holding task 
constant in a crude qualitative way) 
are all consistent with implications 
from the theory of achievement 
motivation. 

Using 49 undergraduate students 
enrolled in a sophomore-junior level 
psychology course at the University 
of Michigan, Atkinson and Litwin 
observed their behavior in a simple 
ring toss game as indicative of risk 
taking, the grades they received on 
their final exam in the 
indicative of performance level, and 
the amount of time they spent work- 
ing at the final exam as a measure of 
persistence. Taking scores for the 
Test of Insight and the Test Anxiety 
Questionnaire separately and classi- 
fying subjects as high or low for the 
corresponding motive on the basis of 
a median split in the respective dis- 
tribution, they found as predicted 
that n Achievement (M,) was posi- 
tively related and test anxiety (May) 
was negatively related to preference 
for intermediate risk, performance 
level, and persistence. The predic- 
tion was clearly improved when sub- 
jects were classified simultaneously on 
the basis of the two tests using me- 


course as 
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dian splits. For example, subjects 
classified high in n Achievement and 
low in test anxiety worked longer at 
the final exam than subjects who were 
classified low in n Achievement and 
high in test anxiety. Subjects classi- 
fied high for both motive measures 
and low for both motive measures 
had persistence times falling between 
those of the two extreme groups. 
Thus, the study provided clear 
support for the construct validity of 
the Test of Insight and the Test 


Anxiety Questionnaire as methods of 
assessing M, and My, respectively. 


theory of 
con- 


Predictions from the 
achievement motivation 
firmed using each test separately and 
the two tests in combination. The 
three dependent variables of the 
investigation were positively corre- 
lated implying that individual differ- 
ences in strength of motive tend to be 


were 


stable from situation to situation. 

It should be noted that the Atkin- 
son-Litwin study was restricted to 
the investigation of persistence at a 
task in relation to differences in 
strength of achievement related mo- 
tives. It made no attempt to vary 
systematically expectations of suc- 
cess and failure as related to situa- 
tional cues or to specify clearly the 
level of initial P,. Nor did it attempt 
to account for why an individual 
stops working at a task. A recent 
study by Feather (1960, 1961) fo- 
cuses on these problems for the first 
time and investigates persistence in 
relation to the interaction of motives 
and situationally elicited expectations 
by varying both factors simultane- 
ously. This study therefore helps to 
clarify the more specialized questions 
raised at the beginning of this review 
concerning the relation of persistence 
at a task both to initial expectation 
of success and to individual differ- 
ences in strength of motive to achieve 
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success and motive to avoid failure. 
Hence the approach will be con- 
sidered in some detail. 

The theoretical analysis involved 
in the investigation is applied to the 
persistence situation where the sub- 
ject works at an achievement task 
which is presented to him as part of 
an important test and which is in fact 
insoluble. He undergoes repeated 
failure in his attempts to perform the 
task but may turn to an alternative 
achievement task when he so desires. 
The analysis is based on the relation- 
ship of total motivation to perform 
the task to total motivation to per- 
form the alternative. It is assumed 
that the subject will persist at the 
initial task as long as total motiva- 
tion to perform it is stronger than 
total motivation to perform the 
alternative. 

Total motivation to perform the 
initial achievement task is attributed 
to the following three components: 
motivation to achieve success at the 
task, motivation to avoid failure at 
the task, and extrinsic motivation to 
perform the task. Total motivation 
to perform the alternative activity is 
attributed to the same three com- 
ponent motivations since the alterna- 
achievement related. 
to achieve success 


tive is also 
Both motivation 
and motivation to avoid failure are 
conceptualized in accordance with 
the theory of achievement motiva- 
tion as multiplicative products of 
strength of motive, level of expecta- 
tion, and magnitude of incentive 
value. Extrinsic motivation refers to 
motivation to perform the task at- 
tributable to other than 
those which are achievement related 
(i.e., motives other than M, and 
M,:). For example, the usual social 
constraints (e.g., desire for approval, 
fear of disapproval) provide an im- 
portant source of motivation in any 


motives 
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situation where a subject is required 
to work at a task.’ Ultimately such 
extrinsic motivation may also be 
conceptualized as resulting from rela- 
tively stable personality dispositions 
(motives) in interaction with more 
transitory situational influences (ex- 
incentive values). 


pectations and 


Extrinsic motivation to comply with 
instructions may, for example, vary 
with the strength of affiliation motive 
and the degree to which the subject 
expects that compliance will produce 


certain affiliation rewards in the 
situation, e.g., approval for being a 
cooperative subject. In the present 
analysis of persistence, extrinsic mo- 
tivation to perform the initial 
achievement task is assumed to be 
stronger than extrinsic motivation to 
perform the alternative since the 
initial task is presented by the experi- 
menter as the first in a defined se- 
quence of achievement tasks. Fur- 
thermore, both extrinsic 
motivation are assumed to be con- 
stant the different experi- 
mental conditions. 

It is assumed in the theoretical 
analysis that the subject will turn to 
the alternative achievement activity 
whenever total motivation to per- 
form the initial task becomes weaker 
than total motivation to perform the 
alternative. The problem then be- 
comes that of specifying the basis for 
a decrease in total motivation to per- 
form the initial task as the subject 
works at it This 
decrease is assumed to be mediated 
by changes in both the motivation to 
achieve success at the initial task and 
the motivation to avoid failure at 
the task. These changes are in turn 


sets of 


across 


unsuccessfully. 


8 This is especially so for subjects in whom 
M,r>M,. If these subjects are to perform 
an achievement task at all, stronger 
positive motivation must exist to oppose their 
tendency to avoid the task. 


some 
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assumed to be determined by a suc- 
cessive decrease in subjective proba- 
bility of success (P,) as the subject 
repeatedly fails at the initial achieve- 
ment task. Hence decrease in expecta- 
tion of success with repeated failure 
becomes the basic dynamic principle. 
When this principle is used in con- 
junction with the theory of achieve- 
ment motivation and certain addi- 
tional assumptions‘ it becomes pos- 
sible to derive the following four 
hypotheses: 

Hypothesis 1 states that subjects in 
whom the motive to achieve success 
is stronger than the motive to avoid 
failure (M,>Mag;s) should persist 
longer at a task for which the initial 
subjective probability of success is 
high (P,>.50) than similar subjects 
for whom the initial P, is low (P, 
<.50). 

Hypothesis 2 states that subjects 
in whom M,;>M, should persist 
longer at a task for which the initial 
P, is low (P,<.50) than similar sub- 
jects for whom the initial P, is high 
ie 8 

Hypothesis 3 states that when 
initial P, is high (P,>.50), subjects 
in whom M,>M,; should persist 
longer at a task than subjects in 
whom M,;> Ms. 

Hypothesis 4 that when 
initial P, is low (P,>.50), subjects in 
whom M,;>M, should persist longer 
at a task than subjects in whom 
M.> Mar. 

Thematic apperceptive stories ob- 
tained under neutral conditions and 
Mandler-Sarason Test Anxiety Ques- 
tionnaire were used to provide meas- 


states 


‘It is assumed that P, for the alternative 
task is constant across the experimental con- 
ditions, that reduction in P, for the initial 
task to a particular value will require more 
unsuccessful attempts at the task when P, is 
initially high than when it is initially low, 
and that rate of decrease in P, is not system- 
atically related to strength of M, or Mar 
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ures of n Achievement (M,) and 
test anxiety (M,,;) for 89 male college 
students from an introductory course 
in psychology at the University of 
Michigan. It was assumed that 
M,> Mag: for subjects classified high n 
Achievement-low test anxiety (in 
terms of median scores); in subjects 
classified low n Achievement—high 
test anxiety it assumed that 
M,y:>M,. Later, four complex per- 
ceptual reasoning tasks were admin- 
istered to 34 of these preselected 
subjects in individual test sessions. 
The first and third tasks were in- 
soluble; every trial taken by the sub- 
ject at each of these tasks resulted in 
failure. The second and fourth tasks 
were soluble. Initial P, for each of the 
four tasks was induced by reporting 
Aictitious norms which indicated per- 
centage of students likely to succ eed 
at the task. For half the subjects the 
norms were 70%, 50%, 
the other half the 
50%, 70°, 50%. 


persistence were ob- 


was 


successive 
5%, 50%; for 
norms were 5%, 
Measures of 
tained on the first and third insoluble 
tasks. 
total trials or total time the subject 
worked at each insoluble task before 
turning to the next task in the set. 

Results for the first task clearly 
supported the four hypotheses. For 


Persistence was measured by 


example, subjects classified as high n 
Achievement-low test anxiety per- 
sisted longer at the first insoluble 
task when it was presented as easy 
(70% norm) than when it was pre- 
sented as very difficult (5% norm). 
This result implies that subjects in 
M,>M,r show greater per- 
sistence when initial P, is high than 
when initial P, is low which is in ac- 
cordance with the first hypothesis. 


whom 


In contrast, subjects classified as low 
n Achievement-high test anxiety 
persisted longer at the first insoluble 
task when it was presented as very 
difficult (5% norm) than when it was 


N. T. FEATHER 


presented as easy (70% norm). This 
result is consistent with the second 
hypothesis. In the same way, results 
from the first insoluble task are con- 
sistent with Hypotheses 3 and 4. 

None of the expected differences in 
persistence between the different ex- 
perimental conditions occurred on 
the third task but there was a tend- 
ency for changes in persistence from 
the first to the third task, using each 
subject as his own control, to be 
consistent with hypotheses. How- 
ever, the necessity for unanticipated 
interruption of a sizeable number of 
extremely persistent subjects on the 
first and third tasks, and the pos- 
sibility of uncontrolled sequence ef 
fects, make interpretation of results 
for the third task equivocal. Post- 


experiment questionnaire information 


concerning assumptions involved in 
procedures and hypotheses tended to 
support the theoretical explanation. 


Evaluation of Motivational Approach 


The type of approach adopted in 
the above investigation raises a num- 
ber of issues that are relevant for the 
future study of persistence: 

1. The theoretical analysis 
gests the importance of specifying 
the components of both total motiva- 
tion to perform the task with which 
the subject is presented and total 
motivation to perform the alterna- 
tive to which he may turn, when at- 
tempting to predict degree of per- 
sistence. The persistence situation is 
similar to a complex problem in 
decision where the subject is continu- 
ally confronted with the choice of 
continuing with the unsolved task or 
turning to the alternative. From this 
point of view the basic theoretical 
problem is that of specifying pre- 
cisely all of the component motiva- 
tions involved in the decision, the 
way in which they combine to deter- 
mine a resultant, and the manner in 


sug- 
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which they change as the subject 
works unsuccessfully at the task. 

2. The theoretical analysis also 
suggests the possibility of concep- 
tualizing each of the component 
motivations as a function of strength 
of motive, level of expectation, and 
magnitude of incentive value. Such a 
conceptualization would necessitate 
the precise specification and measure- 
ment of the particular motive, ex- 
pectation, and incentive value as- 
sumed to determine any component 
motivation, together with assump- 
tions about how these three factors 
combine to determine the strength of 
the component motivation. It is of 
interest to note that most expectancy 
value theories have employed a multi- 
plicative rule of combination 
(Feather, 1959a). 

3. The theoretical analysis focuses 
attention on change in expectation as 
the basic dynamic principle mediating 
change in motivation. The task used 
in the investigation was one in which 
expectation of success could be as- 
sumed to decrease with experience 
since the subject failed at every at- 
tempt. But there are tasks, involving 
some degree of partial success, where 
expectation of success might be ex- 
pected to rise initially before falling. 
Furthermore, it appears important 
to consider the degree to which the 
task involves skill. It is a basic as- 
sumption in the investigation that it 
should take 
tempts at a task to reduce an expect- 
ancy to a particular level from a high 


more unsuccessful at- 


initial expectation of success than 
from a low initial expectation of suc- 
cess. The results from the investiga- 
tion and from the earlier study by 
James and Rotter (1958) suggest that 
this assumption is tenable in situa- 
tions where the subject can relate 
success to his own efforts or skill, and 
failure to his own inadequacy rather 
than to the influence of external 
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agencies beyond his control. How- 
ever, when the subject considers 
success and failure beyond his control 
(as in chance-type situations), ex- 
pectancy may decrease more rapidly 
in extinction when initial expectation 
of success is high than when it is low, 
an assumption which is consistent 
with the usual partial reinforcement 
effect obtained under external con- 
trol conditions. Clearly then, predic- 
tions about persistence using the 
dynamic principle of expectation 
change require explicit assumptions 
about the manner in which expecta- 
tion changes with experience at the 
activity and assumptions about con- 
ditions affecting the rate of change in 
expectation. 

4. Finally, the theoretical analysis 
suggests by contrast a number of 
persistence situations which differ in 
important respects from the one 
investigated. In particular the fol- 
lowing persistence situations appear 
worthy of study: 

a. Situations where performance 
of the alternative activity involves 
motives which are not involved in 
performance of the initial task. In 
the present investigation both initial 
task and alternative task belong to 
the same class of activity. Both tasks 
are achievement related and _ total 
motivation to perform each is at- 
tributable to the same component 
motivations. But one can conceive 
of situations where performance of 
the alternative involves different 
component motivations. For ex- 
ample, in the study of persistence by 
Atkinson and Litwin (1960), the ac- 
tivity in which the subject engaged 
when he left the examination room 
may have been quite unrelated to 
achievement, involving a different 
set of component motivations. 

b. Situations where component 
motivations involve the influence of 
incentive values which are indepen- 
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dent of expectations. In the specific 
achievement context dependencies 
are assumed between incentive values 
and expectations, e.g., 1,=l=P,. But 
in most other situations it would be 
assumed that incentive values and 
expectations are independent. This 
means that, in the more general case, 
motivation to perform the activity 
would be expected to decrease con- 
tinuously with decrease in the expec- 
tation of goal attainment. This de- 
crease is in contrast to changes as- 
sumed to occur in the achievement 
where both motivation to 
achieve and motivation to 
avoid failure show an initial increase 
in strength as the expectation of suc- 
cess falls to P, =.50. 

c. Situations where the incentive 
is objectively present, e.g., a young 
child trying to overcome a barrier in 
order to get some candy. In the pres- 
ent investigation and also in extinc- 
tion studies the not in 
view and the experimenter has to 
take special precautions to ensure 
that the subject does not develop the 
expectation that there is in fact no 
incentive, e.g., that there is no solu- 
tion to the problem or that the ap- 
paratus has been ‘“‘fixed”’ to prevent 
the occurrence of further reinforce- 
ments. Should this happen the situa- 
tion would become one in which the 


situation 


success 


incentive is 


subject sees success and failure as 
beyond his control. 

d. Situations involving different 
assumptions about extrinsic motiva- 
In the present study it was 
motivation to 


tion. 
assumed that extrinsic 
perform the initial achievement task 
is stronger than extrinsic motivation 
to perform the alternative. This 
assumption is a reasonable one when 
tasks are presented in a defined se- 
quence with the implication that one 
has to be performed before the other. 
However, one can conceive of situa- 
different assumptions 


tions where 
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about extrinsic motivation could be 
made. For example, extrinsic motiva- 
tion may be assumed constant across 
tasks in the type of situation where 
the subject has free choice among 
various alternatives. The typical 
level of aspiration situation falls into 
this class. Thus, in a ring toss game 
the subject can select any one of a 
number of different lines from which 
to throw the ring. The only con- 
straint is that he make a choice. 
There is no suggestion that he should 
follow a definite sequence in selecting 
some lines before others. There may 
also be situations in which extrinsic 
motivation to perform the alterna- 
tive activity is stronger than extrinsic 
motivation to perform the initial 
task. For example, the experimenter 
might present the first task as a 
practice item and attach little im- 
portance to it. In contrast, the alter- 
native might be introduced as the 
test item and the experimenter might 
suggest that this is the task in which 
he is really interested. Thus, the 
theoretical approach suggests a wide 
array of different classes of persist- 
ence situation. It is believed that the 
kind of interactional approach dis- 
cussed above, motiva- 
tional analysis, will help to elucidate 
the investigation of persistence in 
these other types of situation. 


based on a 


SUMMARY AND CONCLUSIONS 


The present review has attempted 
to distinguish between different ap- 
proaches made in the literature to 


the study of persistence. As a more 
specialized aim, it has examined the 
relationship of persistence at an 
achievement task to the subject's 
initial expectation of success and to 
the strength of his achievement re- 
lated motives. The survey of the 
literature suggests the following main 
conclusions: 

1. Studies of persistence may be 
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classified into three main classes in 
terms of the extent to which the 
approach adopted is personality ori- 
ented, situation oriented, or con- 
siders both personality and situation 
parameters. 

2. Trait studies of persistence are 
personality oriented and concentrate 
on stable characteristics of the person 
which are assumed to transcend the 
immediate situation and to determine 
some consistency in behavior. This 
type of approach has difficulty in 
accounting for variations in _ per- 
sistence from situation to situation. 

3. Studies of persistence conceived 
as resistance to extinction are situa- 
and concentrate on 


tion oriented 


properties of the immediate situation, 
particularly the characteristics of the 


acquisition series. This type of ap- 
proach has difficulty in accounting 
persistence from 
Extinction studies 
type 


for variations in 
person to person. 
of the partial 

offer suggestive evidence concerning 
the relationship of persistence to 
expectation but there are problems 
i results which 


reinforcement 


in generalizing these 
are related to important differences 
between the typical partial reinforce- 
ment and persistence situations. 

4. Studies which conceive of 
sistence as a motivational phenome- 
non in general take both person and 
situation parameters into account. 
This type of approach is thus unlike 
the two preceding ones for it has the 
potential of being able to account 
both for 
from situation 
variations from person to person. In 
addition, it allows for the study of 
both in interaction. Lewinian field 
theory, while recognizing the inter- 
action of person and psychological 


per- 


variations in persistence 


to situation and for 


environment in its basic equation, 
appears to deal mainly with varia- 
tions in the latter in its actual experi- 
mentation. The theory of achieve- 
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ment motivation, developed by 
Atkinson, is more explicit in recog- 
nizing the interaction of stable as- 
pects of the personality (motives) 
and more transitory situationally 
determined influences (expectations 
and incentive values) in determining 
motivation. 

5. A recent experimental study of 
persistence in an achievement con- 
text (Feather, 1960, 1961) is based on 
a detailed analysis of the different 
motivational components involved 
in performance of the initial achieve- 
ment task and performance of the 
alternative achievement task. A 
dynamic principle of decrease in 
expectation of success as the subject 
works at the initial task unsuccess- 
fully is used in conjunction with the 
theory of achievement motivation to 
generate differential predictionsabout 
persistence for subjects differing in 
the relative strength of achievement 
related motives and in initial expec- 
tation of success. Results are in 
agreement with predictions. For 
example, subjects in whom it is as- 
sumed that the motive to achieve 
success is stronger than the motive to 
avoid failure persist longer at the 
initial achievement task when it is 
presented to them as easy rather than 
as very difficult; in contrast, subjects 
in whom it is assumed that the mo- 
tive to avoid failure is stronger than 
the motive to achieve success do just 
the reverse and persist longer when 
the achievement task is presented as 
very difficult rather than as easy. 

6. The study indicates the possi- 
bility of considering persistence as a 
motivational phenomenon, where the 
theory of motivation considers the 
interaction of both personality char- 
acteristics and situationally deter- 
mined influences. The theoretical 
analysis involved in the investigation 
shows: the importance of a detailed 
analysis of the component motiva- 
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tions involved in performance of both 
initial task and alternative, the pos- 
sibility of conceptualizing each com- 
ponent motivation in “expectancy 
value"’ terms, and the importance of 
change in expectation as a dynamic 
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How early can a child learn com- 
plex cognitive operations? Can a pre- 
school child make substantial prog- 
ress with verbal symbols and other 
abstract concepts? If so, how soon 
and under what conditions? Strangely 
enough, these important questions 
scarcely have been asked in the psy- 
chological literature during the pres- 
ent century. Why? 

In this review we shall try toanswer 
these and other related 
through a critical examination of 
representative studies on cognitive 
learning in early childhood. Our ob- 
ject is to show how the neglect of 
certain key problems has contributed 
to psychology’s low estimate of the 


questions 


young child’s potential for cognitive 
learning. 

Learning in the preschool years has 
generally been known by almost any 
other name than cognitive learning. 
Yet, there 
that cognition is involved in all men- 
tal processes, from conditioning, dis- 


is increasing awareness 


crimination, and perception to intel- 
lective processes, concept formation 
and, of course, cognitive functioning 
itself (cf. Mussen, 1960). Unfortu- 
nately, have 
been treated as if they were isolated 


these processes often 
unitary categories of functioning (cf. 
Gibson, 1953; Gibson & Gibson, 
1955; Jones, 1954; Munn, 1954; 
Vinacke, 1951; Wohlwill, 1960). 

It is more logical, in many ways, 


to define even the simplest act of 


perception as a process incorporating 


' The writer is much indebted to Helen L 
Koch for her critical reading of an earlier 
version of the manuscript. 
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rudiments of ideation. The abstract- 
ing of attributes is almost necessarily 
integral to perception, while higher 
intellectual activities evolve from a 
process of combining the simpler 
perceptual acts. 

Accordingly, the review will begin 
with a brief comment on the early 
After 
devoting some space to motor de- 


acquisition of simple abilities. 


velopment (gross and fine), we shall 
then survey the literature on the early 
learning of complex cognitive abil- 
Studies will be organized into 
verbal mem- 
conceptual processes, 


ities. 
the following categories: 
ory, language, 
and intelligence ( IQ), and special cog- 
nitive processes—reading, mathemat- 
ical, musical, drawing, and writing 
abilities. There will also be a special 
section covering the relationship of 
early intellectual stimulation to emo- 
tional development. Methodological 
criticisms will appear throughout the 
review and will be summarized in a 
concluding discussion. 


SIMPLE ABILITIES 


The majoritity of studies of per- 
ceptual-cognitive functioning in the 
prest hool child do not attempt to as- 
certain more than the status of abil- 
ities at a given age level. The focus 
has been on simple discrimination or 
perceptual problems embracing no 
more than one or two elementary con- 
cepts. Moreover, responses seldom 
have been followed over more than a 
short time span. 

There already are available sur- 
veys of simple abilities of this kind 


(e.g., Gibson, 1953; Munn, 1954; 
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Wohlwill, 1960). We need only add 
here that many perceptual abilities, 
euch as those involving discrimination 
of light, sound, color, form, depth, 
and size constancy are reported to be 
well established by 3—4 years of age, 
often before. Evidence of higher 
(second) order conditioning (Marin- 
esco & Kreindler, 1933) and stimulus 
generalization (Jones, 1931) have 
been observed as early as 15 months. 
Transfer of discriminations to other 
sets of stimuli differing on the same 
cues of size and shape has been found 
as young as 18 months (Riissel, 1931). 

This pattern of findings suggests 
that concept formation begins during 
infancy. The conclusion is supported 
further by studies on problem solving, 
which are particularly relevant here. 
Several that 
children well under 3 can learn con- 


investigations show 
cepts based on the use of tools for 
solving a problem (Alpert, 1928; 
Matheson, 1931; Richardson, 1932, 
1934; Sobel, 1939). In Richardson’s 
experiments, infants of 20-52 weeks 
learned to solve problems of increas- 
ing levels of difficulty. The prob- 
lems required the child to get a lure 
(toy) by pulling a string or to ring a 
bell by turning a lever. 

The ability of 2-year-olds to solve 
a problem based on a principle has 
demonstrated by Roberts 
used 43 
Che principle involved 
three) 


been 

(1932), 
years ol age. 
the only 


who subjects, 2-5 


selecting door (of 
which matched in color a correspond- 
ing toy airplane suspended over it. 
All of Roberts’ children solved this 
problem, although only those over 2 
years were able to verbalize the prin- 


ciple or generalize it to a new prob- 


lem. 

It is important to note that the 
foregoing achievements can not auto- 
matically be interpreted as ability 


ceilings for the ages cited. To deter- 


mine these ceilings, even for simple 
abilities, we must probe a child’s 
progress in prolonged practice, regard- 
less of age. 

Only Ling and Welch have done 
any work along these lines. Ling 
(1941) found that several months of 
training improved the ability of in- 
fants between 6 and 15 months of 
age to discriminate simple, geometri- 
cal shapes (circle, square, triangle, 
etc.). Infants could discriminate 
forms almost irrespective of changes 
in size or position. 

Welch’s work is especially valu- 
able, not only because of his long- 
term training experiments, but also 
because he defined discrimination 
learning in relation to concept forma- 
tion. Welch (1939a, 1939b) initially 
obtained gross discriminations involv- 
ing concepts of size at 12 months 
and form an area by 14 months. 
With prolonged training between the 
ages of 18-28 months, another group 
of infants greatly refined their dis- 
criminations of form and area. They 
succeeded in making discriminations 
as fine as 1 or inch. The 
mean of the experimental group, at 
27 months, reached a level not at- 
tained by the controls until 53-60 
months of age. 


even .5 


Considering the ex- 
tremely young age of Ling’s subjects, 
and that Welch’s subjects often were 
low IQ institutional children, these 
results promise much for studies of 
learning at more complex cognitive 
levels. 


Motor DEVELOPMENT 


Both perception and cognition un- 
doubtedly feature in motor function- 
ing: the more complex the skills, the 
greater their role. Their involvement 
probably is greater during the initial 
stages of learning, where it is neces- 
sary to identify and coordinate di- 
mensions of a motor task. Since the 
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role of cognition in motor functioning 
seldom has been discussed, selected 
studies from this area will be covered 
in this review. The complexity of 
learning in relation to the duration of 
training will be the primary focus. 
There have been two main types of 
studies of motor processes in children, 
than those of the short-term 
learning variety. Both of these have 
been typically cast in the framework 
of maturational hypotheses. In one 
approach, producing the greater bulk 


other 


of studies, work seldom has gone be- 
yond defining and measuring a range 
of more or less simple motor skills, 
both gross (e.g., crawling or climb- 
ing) and fine (e.g., apprehending or 
releasing a pellet). Little attention 
has been paid to the influence of ex- 
perience on the development of these 
skills. 


that skills are acquired through “‘nor- 


It usually has been assumed 


processes ol matur ition, follow- 


mal”’ 
ing a definite sequence ol “stages”’ of 


motor development Gesell and his 
followers at Yale (e.g., Gesell, Halver- 
son, Thompson, Ilg, Castner, Ames, 
& Amatruda, 1940; Gesell & Ilg, 
1949 Bavley (e.g., 1935), Shirley 
(e.g., 1931), and others have accumu- 
lated much data of this nature. 

The second ty pe olf motor investi- 
gation has been designed to determine 
the relative importance of maturation 
and learning in early development (cf. 
Gesell & 1 hompson, 1929: Hicks, 
1930a, 1930b: Hicks & R ilph, 1931; 
Hilgard, 1932, 1933; McGraw, 1935, 
1939; and others). The introduction 
of moderately long training periods, 
the teaching of relatively complex 
skills, and the use of control subjects 
are all found in this class of studies. 
In these studies an experimental group 
or identical twin) usually has been 
trained for several weeks or more. 
Controls have then been given similar 
training, but often for shorter periods. 
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Experimental and control children 
have been alternately kept in a nor- 
mal or deprived environment while 
the matched groups have undergone 
periods of training. In some cases 
(e.g., Hicks, 1930a, 1930b) the con- 
trol group was given no special train- 
ing. 

Nearly all investigators have found 
some evidence that, while training in 
specific skills often improves perform- 
ance, the amount of learning has 
been greater when the training has 
been deferred until the children were 
at least a few weeks older. They have 
frequently concluded, therefore, that 
age (maturation) is a more vital agent 
than experience in development. 
Many believe that training in skills 
of this type is more efficient as neural 
structures mature—up to a certain 
“optimum” age, which varies with 
complexity of skill. 

Often underplayed, however, is the 
fact that specific training has invari- 
ably produced large gains, regardless 
of whether training came early or 
late in development. In addition, 
partly as a result of the maturational 
bias, there have frequently been 
methodological shortcomings. These 
have further lessened awareness of 
the influence of experience upon de- 
velopment. In the first place, most 
studies have dealt with simpler skills 
for which there is evidence of ability 
“ceilings” or physiological limits. For 
example, in Hilgard’s (1932) experi- 
ment on teaching 10 2-3 year old 
children buttoning, climbing, and 
cutting with scissors, the experimental 
children’s learning curve tended to 
fall off toward the end of their 12- 
week training program. Such a ceil- 
ing limits the relative advantage pos- 
sible from longer training. Similarly, 
Shirley (1931) met limited success in 
trying to accelerate the speed of de- 
velopment in walking of her 25 in- 
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fants. Again, are we not dealing with 
a skill tied closer to biology, as 
McGraw (1935) suggests, than is true 
for more complex skills and categories 
of knowledge? 

Interesting evidence on the impor- 
tance training may have in develop- 
ing complex skills is reported by 
Mattson (1933). She found, that in 
-ubjects ranging from 58 to 72 months 
in age, training in a rather simple roll- 
ing-ball maze yielded little if any ad- 
vantage to the trained group. With 
more complicated patterns, however, 
and as the patterns grew in complex- 
ity, the superiority of the trained 
group increased over that of the un- 
trained. 

Another frequent error in experi- 
mental design has probably produced 
an advantage for the control children. 
Prior to their own training, and while 
the experimental children were under- 
going training, the controls typically 
received a certain amount of experi- 
ence in related motor activities as 
well as in cognition generally. Both 
of these types of experiences would be 
expected to facilitate the subsequent 

Yet most 
conclusions, 


learning of the controls. 
investigators in their 
while mentioning these related ex- 


periences, have been inclined to count 


gains accruing from this period as the 
work of maturation alone. It appears, 
then, that maturation and general 
experience have been confounded. 
Moreover, given the in the 
American culture upon the value of 
sensory-motor this in- 
fluence upon the development of the 
controls should not be minimized. 
Among other experimental defects 
of these earlier experiments, has been 
the omission of such variables as 
personality and emotional dynamics. 
In contemporary thinking, they are 
widely considered to be highly potent 
influences on the learning process. 


stress 


experience, 
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For example, Gesell’s Twin C was 
apparently, from the age of about 1 
year more socially responsive, vocally 
articulate, and emotionally dominant 
over her experimental twinmate 
(Gesell & Thompson, 1929, 1941; 
Strayer, 1930). These are traits which 
readily could have enhanced her facil- 
ity for learning. 

Worth noting is the fact that the 
same person characteristically as- 
sumed the role of teacher for both the 
experimental and control groups in 
these experiments. In addition to the 
bias which his knowledge of and in- 
vestment in the experiment gave 
him, his teaching skills for the par- 
ticular training schedules presumably 
improved for the repeat performance 
with control children. All of these 
circumstances probably favored a 
maturational hypothesis. 

In several experiments (Hicks, 
1930a, 1930b; Hicks & Ralph, 1931; 
Hilgard, 1932), the subjects’ ages 
spanned periods of from 1 to 4 years— 
periods which loom large in compar- 
ison with the few weeks of training 
allotted the experimental group. In- 
deed, age differences among subjects 
in some instances represented more 
than the total life experience of the 
younger subjects (2-year-olds). Yet, 
experimenters apparently assumed 
that maturational factors in motor 
development worked with similar 
effectiveness on children 2—6 years of 
age. Analysis of age trend variations 
might have proved rewarding. 

There have been virtually no motor 
investigations focused on exploring 
training methods suitable for the 
early years. In Shirley's study, for 
example, we do not know whether her 
didactic methods—coaching and ver- 
bal persuasion—were either appro- 
priate or sufficient for stimulating 
gross motor development. Especially 
in view of the low order of verbal 
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abilities prevailing at this age, dif- 
ferent conditions and techniques may 
be more essential. Among these are 
a permissive, tension-free and play 
oriented atmosphere, together with 
the presence of effective imitation 
models, i.e., skilled peers. 

Studies of motor development, 
even where training has been offered, 
also have failed to measure the effects 
of pre-experimental experience upon 
abilities. Basic generalizations and 
attitudes relative to motor function- 
ing are undoubtedly acquired from 
the first months after birth. Serving 
as indispensable foundations for later 
learning, such schemas (to use Piaget's 
concept) are probably less easily 
acquired or altered at later stages. 


Nor 


into 


have many experiments taken 
account a related problem of 
equal significance: the span of train- 
ing must be long enough to permit 
mastery of complicated patterns of 
skills and 
nificant quantities of 
Limited training periods do not allow 
the conceptual 
This 


consequence for 


sig- 


to accumulate really 
knowledge 
sufficient time for 
transformation of stable schema. 
may be of little 
simple skills, which are characterized 
by low ability ceilings and probably 
require little modification of existing 
schema. It could be critical for 
abilities (whether or not possessed of 


important motor components) which 


require the acquisition of a lengthy 
series of interrelated verbal symbols 
and con epts. 

McGraw’s (1935, 1939) well-known, 
longitudinal training study of motor 
for the length 
years), rare among all 


processes in twins is, 
of training (2 
studies of early learning, and unique 
motor development. 


fraternal, 


for studies of 
Although the 
the trained twin’s clear superiority in 
skills over his control twin is 
The latter received only 


twins were 


many 
significant. 
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2.5 months of training which did not 
start until he reached 22 months of 
age. McGraw, too, found evidence 
that the contrast in ability was most 
marked in complex skills, such as 
roller skating, swimming, and riding 
a tricycle. Cognitive processes were 
presumably more involved in these 
than in the simpler skills like sitting, 
standing, and walking. 
Gains in skills 
permanent, up to the age of 6. These 
were skills where performance had 
reached a high degree of integration 
and mastery. They were also abilities 
not lost as a result of alterations in 
body proportions through growth. 
McGraw believed that the trained 
twin’s roller skating ability, for ex- 
ample, was lost because alterations 
introduced new structural elements 
into the situation. In addition, the 
extensively trained twin developed 
better overall muscular coordination 
than his brother, suggesting the work 
of generalizing processes. He also be- 
came more confident than his control 
twin in all motor activities. Clearly, 
more longitudinal training studies 
along the lines of McGraw’s design, 
but based on larger samples and 
greater refinement of methods and 


some were even 


other variables are in order. 


VERBAL MEMORY 


Longitudinal training has been as 
sparsely used for studying verbal as 
it has been for studying motor abil- 
ities. Burtt’s (1932, 1937, 1941) un- 
usual and widely cited experiment on 
early auditory memory is the single 
exception in this area. It is a study 
which lends itself to much specula- 
tion regarding the value of early ver- 
bal Beginning training 
with his infant son at 15 months, 
Burtt read drama in the original 
Greek (meaningless to the boy) daily 
until he was 3 years old. Reading one 


education. 
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20-line passage less than 1 minute per 
day, he covered a total of 21 different 
passages, 3 new ones being introduced 
every 3 months. At the age of 8.5, 
highly significant differences appeared 
in the ease of learning previously ex- 
posed passages over learning new ma- 
terial of the same kind. At 14, dif- 
ferences were still present although 
less sharp, while by 18 no differences 
were detectable. One wonders how 
much greater the son’s progress would 
have been if meaningful passages had 
been used—such as simple stories 
geared in content and syntax to the 
child’s level. 

In a short-term memory experi- 
ment, but utilizing meaningful nar- 
ratives, Foster (1928) presented 31 
children aged 2-7 to 4-9 (above 
average IQ) with 10 daily repetitions 
of each of 9 stories in sequence. In 
this way 22 children learned 8 stories 
(of the 9) and 9 children, 3—4 stories. 
Even the younger children learned 
sizable portions of the stories. Al- 
though the quantity learned was cor- 
related with both CA and MA, the 
shape of the learning curves: was the 
same at all ages, except for a flat- 
tening during the final story for the 
younger children. This flattening 
may have been teaching 
methods appear to have been more 
suitable to the motivations of the 
older children. Munn (1954) in his 
review of motor skills states that this 
Munn 
found little or no evidence that learn- 


because 


has too often been the case. 


ing ability (which he defined as the 
rate of learning) is greater at older 
ages, only that the younger start ata 
lower level. 

These observations point to the 
desirability of beginning verbal stim- 
ulation early and following through 
consistently. They further indicate 
that methods suitable for stimulating 
children at their own pace and level 
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need to be developed. It also would 
be useful to scale activities according 
to equal units of difficulty at all 
levels. The latter is a problem related 
to that of standardizing IQ tests ac- 
cord‘ng to mental age norms. 

Two further investigations on ver- 
bal memory (digits and names of ob- 
jects), namely, those of Gates and 
Taylor (1925) and Hilgard (1933) 
were designed to throw into relief 
maturational influences in develop- 
ment. Both investigators used sub- 
jects 4 years of age or older. The 
tendency for the effects of environ- 
mental factors to be obscured by the 
methodological characteristics of this 
type of design have been summarized 
in the previous section. It is only 
necessary to add that specific training 
again proved of definite value at all 
ages. The fact that the effects of 
practice were erased after a lapse of 
months, on the other hand, could 
reflect the narrowness and conceptual 
simplicity of the subject matter. 
Numerous experiments have shown 
that meaningless material is more 
difficult to recall than meaningful ma- 
terial (e.g., Osgood, 1953). Burtt’s 
signal success with material of this 
kind, therefore, may be credited to 
the prolonged periods of training he 
used. 


LANGUAGE 


The language area provides still 
another study where Gesell’s twins 
were used. This study was also in- 
spired by an emphasis on matura- 
tional factors. Strayer (1930) stim- 
ulated Twin T verbally (word-object 
associations and simple commissions) 
from the ages of 84-88 weeks (in- 
clusive), while Twin C was confined 
to a similar but language deprived 
environment. Twin C was then given 
4 weeks of equivalent language stim- 
ulation, during which time Twin T 
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experienced a normal speech environ- 
ment. 

Over 4 weeks of their training pro- 
grams, C acquired a vocabulary of 30 
words and T learned 23. But the 
difference in rate of learning was 
slight, 1.074 to .936 words per day, 
respectively, for their first 29 words. 
Moreover, in total vocabulary (35 
for T C), sentence 
structure and pronunciation, T was 
perceptibly superior to C, following 
Ts only slightly longer but earlier 
training. Twin T also appeared to be 
gaining in rate over C toward the 
close of the training. The really 
critical variable is contained in the 
additional 5 weeks of general cogni- 
tive (though largely nonlanguage) 
experience, that C accumulated prior 
to beginning training. We must also 
reiterate our other criticisms of this 
kind of design, chiefly, (a) the fact 
that the major progress of both twins 
associated with their 
specific training and (6) the 
nificance of training was not demon- 


versus 30 for 


was obviously 


Sig- 


strated effectively because it was too 
brief. This second point would have 
been more dramatically illustrated, 
for example, had I's training been 
continued for 6 months or more, while 
C was confined to a deprived or 
‘average’ language environment. 

Dawe (1942) has contributed 


investigation using even rela- 


the 
only 
tively long-term language stimulation 
during the preschool years. She used 
older children, ranging from 43 to 82 
months in age. Dawe also studied 
other aspects of cognitive learning 
which will be reported further on. 
Coming from a deprived, orphanage 
environment, the subjects’ mean IQ 
80.6 at the outset. Using 
controls of 11 pairs of 
children, Dawe gave the experi- 
mental group about 50 hours of 
training per child in language and 


was only 
matched 
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general information concepts. Train- 
ing consisted of viewing and discuss- 
ing pictures, listening to poems and 
stories, taking excursions, and mak- 
ing simple observations. On nearly 
all cognitive measures the improve- 
ment of the experimental group over 
their controls was significant at the 
1% level. This included language 
measures of mean sentence length and 
the Smith-Williams vocabulary test. 
Indices of intelligibility and complex- 
ity of organization of speech also rose, 
but not significantly. Considering 
that training was restricted largely 
to weekends and lasted only 3 months, 
compared to the children’s 4-7 years 
of total life experience, gains were in- 
Additional designs of 

embracing younger 
normal back- 


deed sizable. 
this type but 


children from more 


grounds and over longer time spans, 
should be carried out. 

A study by Milner (1951) offers 
promising retrospective information 


on the value of early language ex- 
perience. Taking those first grade 
Negro children who scored contrast- 
ingly high and low on a language de- 
velopment test, she compared the 
two groups with respect to measures 
of their social background. The high 
language scorers were found to have 
participated much more widely in 
adult family conversation and re- 
ceived more overt demonstrations of 
affection. Other analyses of preschool 
children’s histories have also shown 
the importance of adult relations 
and other home variables for the 
development of children’s language 
(Smith, 1935; Van Alstyne, 1929; 
Williams & Mattson, 1942). 

Beyond the foregoing studies, inter- 
est has centered on reporting age 
“‘norms”’ for acquiring various dimen- 
sions of language. It usually has been 
assumed that these norms directly 
reflect age-linked, maturational levels 
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(cf. Chen & Irwin, 1946; Lewis, 1936; 
McCarthy, 1930; Smith, 1926). But 
developmental norms can as readily 
be subject to environmental as to an 
innate growth interpretation, al- 
though interpretations of the former 
kind are infrequent. To illustrate an 
environmental approach, Ames and 
Learned (1948) record that the big- 
gest jump in the addition of new 
space concept words occurs between 
2-2.5 years. Is it possible that cul- 
tural stimulation in these concepts 
typically increases around this age so 
as to produce this jump? If so, 
shouldn't we ask whether cognitive 
development in this and other areas 
could not further be enhanced at all 
ages by the introduction of programed 
stimulation? 

Actually, from an environmental 
perspective, norms of language de- 
velopment in themselves constitute 
evidence of the educability of young 
children in symbolic and other com- 


plex conceptual relationships. Thus, 


Welch (1940a) that the 
greatest gains in abstract vocabulary 
occurred at the ages of 18-21 months 
and again during the fourth year. He 
noted (Welch, 1940b) that these 
periods parallel the periods of greatest 
vocabulary gain which Smith (1926) 
recorded. McCarthy (1930) observed 
that her 2-year-olds used a mean of 
.9% compound and complex sen- 
tences. Several studies (McCarthy, 
1930; Shirley, 1933; Smith, 1926; 
Young, 1941) have found a mean 
sentence length of 2-2.5 words by 
age The mean sentence length 
of Fisher’s (1934) “gifted”’ group was 
2.5—4 words as early as 18 months, 
In sum, 


reported 


2.3. 


rising with age thereafter. 
as the evidence shows, children learn 
to speak from about the end of the 
first year, from then on steadily 
multiplying the number of discrim- 


inations and generalizations they 
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grasp of the language system (Mc- 
Carthy, 1954). Language training 
appears to proceed systematically 
and functionally almost from birth. 
What then of the potential for master- 
ing other cognitive systems, such as 
the reading process or time and num- 
ber concepts? 

There is reason to believe, more- 
over, that language achievement pro- 
ceeds more rapidly than has modally 
been estimated in the past, making 
the preschool child’s potential for 
early cognitive learning proportion- 
ally greater. Language definitions 
used and methods of vocabulary 
sampling (the chief language index) 
have both been responsible for in- 
vestigators grossly underestimating 
the size of children’s vocabularies at 
all ages (McCarthy, 1954). The chief 
errors have been failure to use an un- 
abridged dictionary, and insufficiently 
representative sampling of many 
categories of experience (Williams, 
1932). 


CONCEPTUAL PROCESSES AND 
INTELLIGENCE (IQ) 

Work concentrating on the nature 
and extent of the generalizing and 
abstracting powers of children’s cog- 
nitive development has taken two 
main forms. One form has main- 
tained a strong interest in the elabora- 
tion of theoretical constructs on con- 
cept formation, not infrequently bound 
This form 

learning 


to specific content areas. 
incorporates processes of 
through the use of such concepts as 
‘assimilation’ and ‘“‘accommodation” 
(Piaget, 1952). However, it tends to 
define development within an ab- 
stract gestalt framework rooted in 
maturational This line of 
study, as represented in the ideas and 
work of Piaget and his followers (cf. 
Piaget, 1926, 1928, 1930, 1952, 1955; 
Piaget & Inhelder, 1956; Piaget & 


stages. 
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Szeminska, 1952) and of Werner 
(1957) is generally continental Euro- 
pean in origin and character. How- 
ever rich in ideas, the crude experi- 
mental design, sampling, and sta- 
tistical procedures, and the almost 
gratuitous age generalizations are 
well-known. These, along with theo- 
have been 
reviews (e.g., 
1952; 


criticisms, dis- 
cussed in previous 
Huang, 1943; Thompson, 
Wohlwill, 1960). 

Piaget’s theories of perceptual- 
cognitive development have never- 


retical 


theless stimulated some research on 
perception (cf. Wohlwill, 1960) and 
on the nature of children’s thinking 
(Thompson, 1952; Vinacke, 1951). 
Most of the findings (e.g., Deutsche, 
1937; Oakes, 1946; Russell, 1940; 
Russell & Dennis, 1939) have re- 
ported little evidence to 
Piaget's rigid and manifold classifica- 


support 


tion of thought and emergent stages 
of development. Moreover, although 
formal logic is less characteristic of 
the younger ages, rationality is found 
at all ages and may vary with ex- 
perience almost as much as with age 
(Braine, 1959; Deutsche, 1937; Oakes, 
1946). 

Unfortunately, the consequences 
of long-term rarely 
been studied in theoretically derived 


training have 
work on conceptual processes at the 
The work of Welch 
is an exception. He not only formu- 
lated a theory regarding the nature 
and order of development of abstract 
concepts, but he efforts to 
transmute his theory into testable re- 
search designs (Welch, 1946, 1947a, 
1947b, 1948: Welch & Davis, 1935). 


not always carefully 


prest hool level. 


made 


His studies are 
controlled nor clearly reported, how- 
ever. Essentially, Welch conceived 
of each higher order in a conceptual 
hierarchy or system as based on gen- 
eralizations gradually formed from 
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characteristics abstracted from a pre- 
ceding, lower order. In one study 
Welch (1940a) found that his 12 
high average 1Q children aged 21-26 
months had acquired a mean of 1.16 
first-order hierarchical concepts; his 
nine 27-33 months old subjects had 
a mean of 3.88. Second-order con- 
cepts appeared in his subjects around 
3.5 years (Welch, 1940a; Welch & 
Long, 1940). 

In one of his attempts at long-term 
training, Welch also tried without 
success over 6 months to teach genus- 
species relations to children 12-20 
months old. Data on IQ and other 
indices are incomplete. Welch re- 
ports that the children’s motivations 
became almost completely destroyed 
in the course of training. Welch's 
teaching techniques are often formal, 
however, although he does occasion- 
ally mention in some studies efforts 
to maintain a ‘‘game atmosphere.” 
This formality is especially manifest 
in another experiment (Welch, 1939c) 
where some 500 repetitions were re- 
quired to condition a child to asso- 
ciate a wooden plate with an arbi- 
trary name “‘ate.”’ This is probably 
a difficult, past tense concept for the 
retarded level of knowledge of his 
slightly low IQ institutional subjects. 
Even so, the age period of his sub- 
jects falls exactly within the one 
McCarthy (1930) describes (18-20 
months) as characteristic for learning 
word-object associations. Moreover, 
it seems a little rigid to persist in 


presenting so excessive a number of 
repetitions with a single, arbitrarily 


chosen stimulus term. The use of 
terms which harmonized more with 
cultural experience and a little pre- 
liminary exploration of the children’s 
existing level of knowledge seem to 
have been indicated. 

Despite Welch's formality, he was 
able to teach some verbal generaliza- 
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tions with dimensions of size and 
color to children less than 2 years old 
(Welch, 1939c). As reported earlier, 
he was also successful in imparting 
simpler nonverbal concepts of size, 
form, and area through discrimina- 
tion learning. The combined contri- 
butions of Welch seem to open a broad 
avenue of possibilities for research on 
early conceptual learning. 

The second form of attack on chil- 
dren’s generalizing processes has been 
the study of intelligence through 
mental age and IQ testing. Originat- 
ing mainly in Europe with Binet and 
couched in some theory, this approach 
has lent itself admirably to American 
and British empiricism through its 
ready translation of theoretical propo- 
sitions into measurable units of per- 
formance (Anastasi, 1954). The 
theoretical foundations of IQ tests 
(e.g., Stanford-Binet) have tended to 
languish accordingly. 

A heavy interest in the nature- 
nurture of intelligence (IQ) has been 
accompanied by a massive accumula- 
tion of studies, however thin in defini- 
tion the problem has remained. As 
these studies have been covered ex- 


tensively in many reviews (Anastasi, 
1958; Jones, 1954; Wellman, 1945; 
Wellman & McCandless, 1946; Whip- 
ple, 1928, 1940; and others), we shall 


concentrate principally on studies 
and problems directly relevant to our 
purposes. 

The largest amount of work has 
consisted of cross-sectional studies of 
children and adults of all ages. In 
these studies, investigators have cor- 
related IQ test performances and 
environmental indices (amount of 
education; parents’ educational, oc- 
cupational, and social class level; 
differences; etc.). A 
multitude of relationships of this 
kind, often important, have been 
found. Their value may be considered 


urban-rural 
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only partially attenuated by the 
discovery of other associations which 
concede greater importance to hered- 
ity (e.g., between 1Q scores of parents 
and their children). The basic prob- 
lem stems from the fact that broad, 
background correlations throw in- 
sufficient light on particular environ- 
mental antecedent-consequent rela- 
tionships. 

Few studies of any kind in the IQ 
area have been designed with the pre- 
cision necessary to illuminate these 
relaticnships. Some valuable infor- 
mation has come out of the work on 
identical twins reared apart, but it is 
based on sparse case data, usually ob- 
tained through the retrospective re- 
ports of biased informants. With 
radical and lifelong differences in 
their environments, twins have often 
shown marked differences in IQ 
scores in later years, up to as much 
as 24 points. In fact, twins have been 
found to differ in 1Q almost in pro- 
portion to the degree of discrepancy 
experienced in cognitive features of 
their environments (Newman, Free- 
man, & Holzinger, 1937). Woodworth 
(1941), tallying data from existing 
studies, derived a correlation of .79 
between differences in amount of 
education and differences in IQ scores. 

Investigations on adopted children 
(mainly, Burks, 1928; Freemar., Hol- 
zinger, & Mitchell, 1928; Leahy, 
1935; Skodak, 1939; Skodak & Skeels, 
1949) provide another good though 
still imprecise source of information 
regarding evnvironmental influences 
on IQ scores. Many of the children 
were placed for permanent adoption 
when only a few weeks old and were 
sometimes followed regularly over 
many years. But 1Q measures were 
not always taken during the early 
years and the kind of training the 
children received was never specified 
nor controlled. As a result, the effect 
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of experience, especially early experi- 
ence, upon intellectual development 
remained essentially unknown. 

Among other important methodo- 
logical oversights has been the failure 
to consider the influence of prenatal 
and neonatal factors or of selective 
placement. In addition, sample 
homogeneity has usually been greater 
among the foster children than among 
their controls. These problems are 
discussed at length in other sources 
(Anastasi, 1958; Jones, 1954). The 
typical IQ correlations between foster 
children-natural parents have ranged 
from .4 to .5. But it is evident that 
these correlations represent inflated 
values due to selective placement and 
sample homogeneity of the foster 
children. These two factors also 
have minimized IQ correlations be- 
tween foster parents-foster children, 
further obscuring the influence of the 
environment. Nevertheless, in the 
Skodak and Skeels (1949) longitu- 
dinal study of 100 foster children, the 
mean IQ difference between foster 
children (from the age of less than 6 
months through 13 years) and their 
natural mothers remained consist- 
ently at about 22 points. This is a 
sizable difference to persist in the 
face of methodological factors con- 
ceivably working in an opposite 
direction. 

Historical surveys of “‘gifted”’ chil- 
dren, if again more descriptive than 
precise, have furnished additional, 
i clues on the function of 
early cognitive stimulation (Cox, 
1926: Davidson, 1931). The associa- 
tion between cognitive precocity and 
the application of intensive stimula- 
tion from infancy has always been 
This suggests a 


rtant 


impressively high. 
need for revising the concept gifted, 
since it is so heavily weighted in favor 
of heredity alone. 

In fact, this writer has managed to 
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assemble from various sources a 
sample of 25 superior IQ children, all 
of whom learned to read by the age of 
3 (Cox, 1926; Davidson, 1931; Dol- 
bear, 1912; Hollingworth, 1926, 1942; 
Jones, 1923; Root, 1921; Stoner, 
1914; Terman, 1917, 1918, 1924). Of 
these, 72% had definitely enjoyed a 
great deal of unusually early and in- 
tensive cognitive stimulation. For 
the other 28% evidence regarding the 
quality and quantity of stimulation 
was lacking in the records. 

Where long-term training has been 
used at all, most programs have taken 
the form of nursery school education. 
These usually have been broad and 
uncertain in meaning and have sel- 
dom concentrated upon verbal de- 
velopment, an important component 
of many IQ tests (Anastasi, 1958; 
Wellman & McCandless, 1946). 

It is worth noting that studies 
which have measured IQ changes 
associated with nursery school ex- 
perience by means of the Merrill- 
Palmer scale have regularly shown 
greater IQ improvements _ than 
studies using some revision of the 
Binet scales (Wellman, 1945). Ina 
Binet measured group of some 1,537 
children from 22 nursery groups, the 
mean increase was 5.4 IQ points, 
compared with .5 points for the con- 
trols (597 children in 14 groups). 
Using the Merrill-Palmer scale, in- 
vestigators found the improvement 
in 267 children in 7 nursery groups 
amounted to a mean of 14.5 points; 
73 nonschool controls in 4 groups 
registered a mean increase of only 6.7 
points. It appears reasonable to 
attribute some of this difference to 
the similarity of most Merrill-Palmer 
test items (pegboard, picture puzzles, 
block building, etc.) to nursery school 
type activities, while Binet items con- 
sist of a greater proportion of verbal 
items, even at the youngest age levels 
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(Anastasi, 1958). Bayley (1949), too, 
observes that many Merrill-Palmer 
test “items test motor skills rather 
than insightful behaviors”’ (p. 228). 
These characteristics of nursery 
school programs may further help to 
explain why high IQ scorers gain 
fewer points than low or average 
scorers do (Anastasi, 1958). Bright 
children have probably already 
mastered much of the relatively 
limited range of nonverbal, cognitive 
material offered in nursery programs. 
In the same vein, Klatskin (1952) 
studied the effects of good pediatric 
care and permissiveness in child rear- 
ing upon Catell 1Q test scores. Her 
group of 184, 1-year-old infants sur- 
passed test norms, except on verbal 
and some fine-motor type items. 
Even when training programs are 
used whose orientation is clearly 
cognitive, however, a problem of 
measurement still remains. Our in- 
struments for measuring “‘intelli- 


gence,’’ IQ tests, especially those for 


younger children, are relatively 
crude,: unreliable, and theoretically 
undefined (Anastasi, 1954). In many 
cases, they yield only a composite in- 
dex, based on a loose mixture of 
verbal and nonverbal tasks, neither 
logically related nor organized into 
types of abilities. Understandably, 
there has been little accurate in- 
formation collected on the pattern- 
ing of preschool children’s abilities, 
not to mention relating variations to 
differences in types of training. For 
example, even with the less verbal 
Merrill-Palmer scale, the learning 
which is measured is not easily 
traceable to specific nursery activ- 
ities. Barrett and Koch (1930), found 
score increases in particular test 
items occurred more or less without 
relation to the frequency of participa- 
tion in certain activities in the school. 
In this instance, it appears that the 
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standardization procedures used were 
partly responsible, since the test 
tended to overrate younger subjects 
increasingly to a point and to under- 
rate older ones. 

These limitations of preschool tests 
may also partially answer why corre- 
lations between the performances of 
preschool and older children on 1Q 
tests remain persistently low (J. E. 
Anderson, 1939; L. D. Anderson, 
1939; Bayley, 1949, 1955; Honzik, 
Macfarlane, & Allen, 1948). Not 
only is the reliability of preschool 
tests per se low, but even the Binet 
contains fewer cognitively weighted 
items for the younger years. Our in- 
struments measure somewhat differ- 
ent abilities at different ages. This is 
no doubt a by-product of our tradi- 
tional propensity for deriving IQ 
measures empirically on the basis of 
internal consistency and age progres- 
sion (Meyers & Dingman, 1960). 
The spectrum of abilities measured 
also narrows with age. 

It is all the more interesting, 
therefore, to find that, despite the 
poor specification of both training 
and IQ tests, nursery school at- 
tendance has consistently produced 
small to moderate increases in 1Q 
scores (Anastasi, 1958; Wellman, 
1945). This has been truer for 
children of less than superior ability, 
and is apparently based more on per- 
ceptual-motor than verbal learning. 

Of all the many studies of IQ, only 
four have developed long-term pro- 
grams of general cognitive stimula- 
tion for preschool children. One of 
these is a study in progress by this 
investigator on three pairs of iden- 
tical twins and a set of triplets. Two 
studies included no children younger 
than 43 months of age. In one study, 
Dawe (1942) followed the progress in 
language and general cognition that 
11 children made over 3 months of 
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weekend training. Details of the in- 
vestigation were reported in the sec- 
tion on language. In addition to 
language gains, her subjects made 
significant mean gains in Binet IQ 
scores (14.2 points against a 2-point 
loss for the controls) as well as in 
other cognitive measures, i.e., science 
and home living information. 
McCandless (1940) attempted to 
raise the intellectual level of 6 very 
bright (139 IQ) preschool children by 
means of an enriched curriculum 
supplementing the regular nursery 
school program. The children’s mean 
age was about 52 months. The pro- 
gram consisted of project work (con- 
structing a farm and a combination 
flower presented over 
much of 1 school year. Initial post- 
test differences in IQ scores (1916 
Stanford) between the experimental 
group and their matched controls 
were not significant. However, retest 
differences the following fall reached 
significance on the newly revised 
(1937) Stanford. The retest shift was 
attributed mainly to the nature of 
the 1937 test which cor- 
rected for the decline in 
ciated with the 1916 Stanford. These 
results may appear more impressive 
when one questions just how stimu- 
lating this kind of project work could 
be for children already of high abil- 
ity—particularly given the Binet’s 
heavy use of verbal symbols by this 


store-hotel) 


revision, 


age asso- 


age. 

Peters and McElwee (1944) fur- 
nished 8 months of guided play to 6 
young subjects (aged 2-9 to 4~2) of 
below average IQ who attended 
nursery school three mornings per 
week. Activities were organized ac- 
cording to categories of ‘‘functional 
intelligence,’ although the amount of 
stimulation not 
Home visits and conferences 


verbal offered is 
clear. 
with the mother were also included. 
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Although there were no controls, 
children registered a mean gain of 7 
IQ points. While not statistically 
significant (.07), this included one 
child whose score fell as a result of ob- 
vious motivational distraction during 
posttesting. Taking these three 
studies together, their relatively well 
outlined and lengthy cognitive edu- 
cational programs contain many im- 
plications for education and the 
meaning of IQ measures. 

The extensive work done on intel- 
ligence in relation to the nature- 
nurture problem has been the subject 
of vigorous discussion and conflicting 
findings over many years (cf. Ana- 
stasi, 1958). But one regrettable con- 
sequence has been the manner in 
which arguments over the relative 
importance of heredity and environ- 
ment have obscured the fact that the 
environment does perform an essen- 
tial role indevelopment. It is difficult 
to argue, considering all the evidence, 
that environment has a negligible role 
in producing mental test variations 
or in developing intelligence and con- 
ceptual abilities, however important 
genetic factors may also be. The dis- 
pute has seriously retarded interest 
in experimental work on preschool 
cognitive learning. It also has dis- 
couraged long range educational pro- 
grams aimed at developing each child 
to near the maximum level of his 
capacities. 


SPECIAL COGNITIVE PROCESSES 


As to be expected from the evi- 
dence considered so far, there is no 


particular cognitive category which 
has generated much research interest. 
This applies equally to all symbol or 
language systems, exemplified by the 
areas of reading, mathematics, and 
Yet, until the late 1800s it 
was common practice in Western cul- 


music. 


ture to begin instruction in the 
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“three Rs,’’ reading, writing, and 
arithmetic, as early as age 2 or 3 
(Adamson, 1905, 1930; Brown, 1924; 
Parker, 1912; Raymont, 1937; Ward, 
1901). 

Few careful 
come down to us but reports are clear 
that schools were few and learning 
limited, even at the older ages 
(Adamson, 1905, 1930; Birchenough, 
1920; Rusk, 1933; Salmon & Hind- 
shaw, 1904; Smith, 1931; Stow, 
1859). This is hardly surprising 
since, at all levels of the infant (ages 
2-7) and grammar school systems, 
many serious deficiencies prevailed 
which persisted well into the last half 
of the nineteenth century (Birche- 
nough, 1920; Forest, 1927; Raymont, 
1937; Rusk, 1933; Salmon & Hind- 
shaw, 1904; Stow, 1859). Curricula 
were narrowly restricted to religious 
dogma and the tool subjects (the 
often making use of un- 
simplified texts, including above all 
the Bible itself. Authoritarian dis- 
cipline, enforced by harsh physical 


investigations have 


> 


three Rs), 


punishment, was the rule. Teaching 
methods were rigid and tedious, being 
based on rote learning through in- 


cessant drill on isolated elements. 
The lecture system was used freely, 
making little concession to age differ- 
Enormous classes were char- 
acteristic. Infant schools typically 
confined immobile for hours from 50 
to 200 and many as 
1,000 undernourished children, crowded 
into galleries. They were watched 
by the petty, severe, and ignorant 
eye of monitors only slightly older 
than the children. Over such a mass 
only one or two adult teachers pre- 
sided, who were poorly trained, if at 
all. 

It is almost astonishing therefore, 
to discover that a number of even the 
youngest children apparently learned 
to read, write, compute, and acquire 


ences. 


sometimes as 
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general knowledge to the extent they 
did under such primitive conditions 
and techniques. Moreover, accomp- 
lishments appear to have been quite 
extensive wherever conditions were 
ameliorated. These better schools 
and tutorial situations were un- 
happily restricted almost entirely to 
children from the wealthier classes 
(Adamson, 1905, 1930; Birchenough, 
1920; Brown, 1924; Parker, 1912; 
Reisner, 1930; Rusk, 1933). 

In any case it was in reaction to 
the generally harsh conditions that, 
over the nineteenth century, the 
ideas and methods of Rousseau, 
Pestalozzi, and Froebel 
took hold. They major 
sources from which the kindergarten 
and the nursery school ‘‘movements”’ 
were formed, leading to a gradual 
revolutionizing of school systems at 
early childhood and other levels 
(Raymont, 1937; Salmon & Hind- 
shaw, 1904; Smith, 1931). 

Child centered programs and per- 
missive guidance techniques con- 
cerned with the rounded development 
of children in socioemotional and 
sensory-motor spheres were substi- 
tuted for academic, subject centered 
curricula. These and other educa- 
tional philosophies as well as the con- 
cepts of molar, developmental, and 
psychology later contri- 
other specific influ- 
ences. Feeding these philosophies 
have been the ideas of Freud, 
Montessori, Dewey, Gesell, and ge- 
stalt psychology, in addition to pres- 
sures from periodic reform move- 
ments. In this way, wretched condi- 
tions, authoritarian discipline, and 
rigid methods have been slowly re- 
placed. 

Possibly the last major institu- 
tional effort to include a cognitive 
emphasis at the preschool level oc- 
curred in the early 1900s. Montessori 


especially 
became 


dynamic 
buted many 
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(1912) organized a number of schools 
which combined the new, child 
centered principles with the ancient 
subject-matter orientation. These 
were highly successful in teaching 
children as young as 4 years old to 
read and write, and to acquire a 
broad array of simple concepts. 
Since that time, formal cognitive edu- 
cation in early childhood has ceased 
to flourish (Raymont, 1937; and 
others). It exists now only in those 
isolated instances where preschool 
children continue to be taught for- 
mally in scattered private schools 
(usually 4-year-olds in kindergarten) 
or informally in a home setting. 


Reading Ability 

Nearly all cases of early reading 
come to light from historical sources 
or from surveys of gifted children. 
Information is most detailed in the 
accounts of children taught individu- 
illy in the home by tutors, parents, or 
other relatives (Cox, 1926; Davidson, 
1931; Dolbear, 1912; Hollingworth, 
1926, 1942: Root, 1921; Sidis, 1911; 
Stoner, 1914; Terman, 1918; Witte 
1914). 


one of 


These accounts prove to be 
the best stimulants for en- 
couraging research on cognitive learn- 
Methods are 

described. 


ing in early childhood. 

sometimes fairly well 
Much of this early childhood educa- 
tion has devoted to general 
knowledge, and many “home edu- 
cators”’ have shared a strong belief in 
intensive education from birth as a 


been 


sine qua non for the ontogeny of high 


intelligence. 

Winifred Stoner (Stoner, 1914; 
Griffiths, 1923) was given a carefully 
graduated program of reading and 
wide general knowledge by her 
mother from the age of 6 months on. 
By 16 months she could read and 
spell, by 2 years she could write. No 
definite degree of proficiency is speci- 
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fied until age 3, when she had re- 
portedly acquired much skill in all 
and was beginning to typewrite. The 
child otherwise participated actively 
in physical and dramatic peer play 
and from childhood on experienced 
much school and some literary suc- 
cess. Although a controversial lay 
educational figure, the mother en- 
joyed considerable support from pro- 
fessionals. Her reading instruction 
methods (Stoner, 1914, 1916) in some 
ways typical of many home educa- 
tors, consisted primarily of syn- 
thesizing words, using phonic prin- 
along with reading simple 
texts. Letters were presented ini- 
tially in enlarged, colorful cutout 
forms and learning was further rein- 
forced through an endless variety of 
songs, plays, games, and stories. 
The case of Viola Olerich (Dolbear, 
1912) is of interest in that she was 
adopted at 8 months by a professor, 
Olerich, expressly for demonstrating 
his ideas on the early development of 
abilities. He succeeded in teaching 
the child to read by a sentence 
method shortly after the age of 17 
months. By the age of 2-11 she could 
read with “force and suggestion”’ al- 
most any reading material presented 


ciples, 


to her. 

An earlier illustration is furnished 
by a German clergyman, Witte 
(1914), who, before the son’s birth in 
1800, predicted the high intellectual 
abilities which his son later acquired 
with the help of painstaking program- 
ing from infancy. The child learned 
to read and spell fluently well before 
5, through an _  alphabet-phonic 
method. He also became an excep- 
tionally thoughtful and_ well-in- 
formed, yet modest child. Attaining 
his doctorate easily at 14 he later 
rose to eminence as a leading univer- 
sity scholar in literature. 

Many other examples of preco- 
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cious readers could be cited. Some of 
these, like Macauley, John Stuart 
Mill, Francis Galton (Cox, 1926; 
Terman, 1917), and Norbert Wiener 
(1953), came to be renowned thinkers 
of their time. All of them experi- 
enced intensive cognitive education 
from the earliest years. 

Experimental investigation of early 
reading is restricted to some five 
studies,’ plus a sixth on which this in- 
vestigator is working. Of three early 
studies, Davidson's (1931) study on 
3-, 4-, and 5-year-old children was the 
most extensive. The children were 
divided by age and ability into 3 
groups of 4-5 children each, all hav- 
ing an MAof 4 years. The mean IQs 
of the respective groups were 128, 98, 
77 on the 1916 Stanford. 

Four months of individual and 
group reading instruction were 
offered 10-15 minutes daily in a 
morning kindergarten type program. 
A word-sentence method was used, 
with the aid of play activity, mo- 
tivating techniques, but drawing 
some attention to structural detail. 

In the course of training, nearly all 
children made definite headway in 
learning to read simple primer ma- 
terial. Two of the bright 3-year-olds 


covered the equivalent of a first 


grade program in less than half a 
school year and were rapidly becom- 


ing fluent readers. Moreover, at 
least one (with signs of another) of 
the 4-year-olds of average 1Q was on 


the verge of fluent reading, while one 


2 The paucity of interest in this area, 
especially on the part of psychologists, is un- 
fact that three of these 
studies were all performed at one place, 
Stanford, more than 30 years ago (Brown, 
1924; Davidson, 1931; Terman, 1918), one 
of which was a report by Terman on an experi- 
ment by a parent; and the fact that, of the 
other two (Fowler, in press; Moore & Ander- 
son, 1960), one is by a sociologist (Moore & 


Anderson, 1960). 


derscored by the 
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dull 5-year-old was making sub- 
stantial progress. 

An outstanding feature of this ex- 
periment is that these results were ob- 
tained even with average and low IQ 
children well before the usual school 
age of 6. Another is that mean IQ in- 
creases of 9.2, 9.75, and 10.75 points 
were obtained by the respective 3-, 
4-, and 5-year-old groups over so rela- 
tively brief a period. Still another 
emerges in the fact that extensive 
cognitive stimulation at home (al- 
most daily parental story reading) 
had been experienced only by the 
best readers (all four bright 3-year- 
olds). In contrast, only one other 
child had been read to more than 
occasionally—and she was the most 
successful 4-year-old reader. 

In another early study, Brown 
(1924) experimented on short-term 
word training (nouns only) with 12 
children, aged 3-6 to 5-11 and with 
another child of only 22 months. 
She followed astencil-tracing method, 
together with the use of printed flash 
cards, posters, and a primer, sustain- 
ing motivation by the use of games. 
Two children, a girl aged 3-10, whose 
IQ was only 91, and a boy of 3-6, 
whose IQ was 140, were given 20- to 
30-minute individual reading lessons 
in their homes, 5 days a week for 3 


months. 


Catherine, in 36 lessons, learned to read 11 
pages of her primer. Roger in 26 lessons, 
reached the same point. Both children could 
read their charts, and the recombination of 
words upon the charts, with perfect ease 
(Brown, 1924, p. 135). 


With respect to short-term 
learning, even the child of 22 months, 
whose IQ was only 118, learned to 
discriminate three words in only five 
lessons. She still recognized them 3 
months later. 

One of the most remarkable and 
successful experiments in early read- 


word 
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ing was performed by a lay educator. 
It is included here because of its un- 
verification and documenta- 
tion, reported by Terman (1918). 
This anonymous father began to 
teach his daughter, Martha, to read 
from the age of 14 months, when her 
speech was limited to just three 
words. He first taught her the capital 
letters, so that the child’s fourth 
spoken word was “pretty B” 
(pretty, being the third). Otherwise 
he followed a sight word method, em- 
ploying play oriented techniques and 
fabricating simplified sentence charts. 

Success was far from immediate, 
however. The next five months were 
passed primarily in teaching the 
child word-object relationships. Ap- 


usual 


parently, at 19 months certain im- 


portant concepts developed, for 
Martha rather suddenly in 1 month 
rapidly mastered, first, all capital 
then the small letters. At 21 months 
and 10 days, with a reading vocabu- 
lary of 35 words, she made some 
generalization to the effect ‘that 
these word pictures represented 
thoughts” (p. 223) occurred. At 23 
months Martha “‘began to experience 
the mental pleasure of reading,” 
(p. 225) and had acquired a reading 
vocabulary of 150 words. By 26.5 
months, she had covered 4.5 primers, 
embracing a vocabulary of over 700 
words. She could read fluently and 
meaningfully, but her pronunciation 
was less perfected. 

This case is unique in providing 
well-verified evidence of how a child 
of not more than 140 10 and MA of 
just 3-0 years (extrapolated from a 
1916 Stanford given at age 3-11) 
learned to read. 

Of the three recent investigations, 
complete data is available only on 
one, an extensive monograph by 
Fowler (in press). He reports on a 9 
months’ exploratory effort to teach 
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his 2-year-old daughter, Velia, to 
read, experimenting with a combina- 
tion of methods ina trial-and-error, 
but carefully regulated approach. 
Stimulation averaged 30 minutes 
daily and was freely immersed in 
dramatic play and family routines. 

During the program the subject ac- 
cumulated an out-of-context, recog- 
nition vocabulary of about 250 
words. Words tested had not been 
exposed to the subject for a mean of 
18.5 days and were recognized with 
about 87.3% accuracy. Toward the 
end Velia could read meaningfully a 
few isolated, primer type sentences, 
2-5 words in length. She was also be- 
ginning to read preprimers, and 
could perceive words with increasing 
precision using phonic cues. 

The child had also experienced a 
planned, broad program of intensive 
cognitive stimulation from her ear- 
liest weeks. This experience is be- 
lieved to have been a major factor 
developing Velia’s IQ to the high 
range (150-170) within which Velia 
scored on all tests from age 2 to 8. 
Moreover, in preliminary pilot work, 
she learned to identify with ease all 
capitals at 21 months and most small 
letters by 23 months. 

Among techniques and dimensions 
explored at some length were dra- 
matic play, reinforcement proce- 
dures, phonics, whole-word learning, 
and the effect of varying type style 
and size. Picture-association and 
various other materixls and methods 
of presenting stimuli were similarly 
experimented with. 

Follow-up tests and observations 
to age 8.5 have repeatedly revealed 
Velia to be reading avidly with com- 
prehension and facility 2-3 grades 
above level. In addition, she con- 
tinues to pursue enthusiastically a 
wide variety of other cognitive and 
social interests. It is worth recording 
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that she is less advanced in certain 
cognitive e.g., arithmetic, 
where she has received little special 
stimulation. Emotional problems are 
covered separately under psycho- 
social development. 

Investigations in 
Moore and Anderson (1960) on early 
reading and writing, are as yet pub- 
lished only in film form. From 
limited information,’ it appears that 
several children, aged 3—5, have made 
definite progress in learning to read 
and write. One child, who started at 
2-7, apparently second 
grade level 6 months later. Of special 
interest is their method involving the 
use of an electric typewriter (using 
fingering), which probably 
motivations as well as 


areas, 


progress by 


reached a 


correct 
enhances 
facilitates learning. 

Studies of reading instruction in 
the field of education have contrast- 
ingly, in contemporary times, been 
mostly restricted «to grade school 
children. Ve find only an occasional 
study of reading (readiness) gradi- 
ents, for instance, which descends to 


the preschool years (e.g., Ilg & Ames, 


1950). 
concept of 


Despite prevalent use of the 
“reading readiness’’ (or, 
generically, “learning readiness’’), 
which theoretically allows for wide 
individual differences in the age, rate, 
and facility for learning to read, in- 
struction in practice is basically 
linked to age norms. Reading con- 
tinues to be introduced at 5-7 years 
of age for almost all children, regard- 
less of ability, when the child enters 
elementary school (unless he is taught 
at home) (cf. Betts, 1957). 

Aside from the role of recent 
traditions, this practice parallels a 
predominant educational view (cf. 
Anderson & Dearborn, 1952; Dolch, 


*0. K. Moore, personal communication, 
1961, 
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1955; Gates, 1937; Monroe, 1951; 
Morphett & Washburne, 1931). It is 
widely asserted that children experi- 
ence difficulty in learning to read 
below a certain MA level, usually 
figured at about 5-7 years. 

Taking a longer time span, the 
paucity of interest in early reading 
and cognition also may well be a by- 
product of theoretical viewpoints re- 
lating to the nature of the young 
child’s emotional development, as we 
shall discuss shortly. These views 
are believed to have arisen as part of 
a strong and persisting historical 
reaction to the traditional authori- 
tarian and rote methods of education 
described earlier. 

Both the evidence we have pre- 
sented and Davidson's (1931) survey, 
on the other hand, indicate that, 
historically speaking, many 4-year- 
olds (MA) have learned to read 
fluently. Moreover, an estimate by 
the writer, based on data compiled 
from studies of intellectually superior 
children (Barbe, 1952; Cox, 1926; 
Davidson, 1931; Hollingworth, 1926, 
1942; Ilg & Ames, 1950; Miles, 1954; 
Terman, 1924, 1925; Witty, 1930, 
1940), suggests that perhaps .01% of 
the general population learns to read 
as early as 4 years (CA). Many of 
these children are ordinarily classified 
as gifted, but where records are ade- 
quate all precocious readers received 
a great deal of prior stimulation. 
Consequently, to label a child as 
gifted in no way dispenses with the 
necessity of stimulation—if he is to 
learn. However genetically bright a 
child may be, development does not 
proceed by maturation alone. It 
should further be re-emphasized that 
both Brown (1924) and Davidson 
(1931) made real headway in teach- 
ing even 3- and 4-year-olds of average 
IQ how to read, while Davidson made 
progress with low IQ 5-year-olds. In 
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sum, it would appear that in the 
theory and practice of educating 
young children we have been missing 
both the MA and CA marks by a 
sizable margin. 


Mathematics 

Because of its specialized subject 
matter and symbol systems, mathe- 
matics is relatively independent from 
other branches of knowledge. In 
arithmetic, this peculiarity has been 
considered reason for the de- 
velopment of certain precocious 
“wizard” calculators (Révész, 1940). 
These bizarre children often have 
been contrastingly undeveloped in 
other areas, including general mathe- 
matics itself. In extreme form, one- 
sided prodigies have been termed 
“idiot savants."” The phenomenon 
also is found in musical abilities and 
drawing, mechanics, 
memory, or motor coordination 
(Barlow, 1951; Rife & Synder, 1931; 


one 


sometimes in 


Tredgold & Soddy, 1956). On the 


other hand, many mathematical, 
reading, and musical prodigies have 
been well-rounded in ability. Usu- 
ally, the mathematical prodigies have 
excelled in mental arithmetic and 
many of them apparently began their 
training prior to age 3 (Barlow, 1951; 
Bell, 1937; Mitchell, 1907; Rife & 
Snyder, 1931; Scheerer, Rothman, & 
Goldstein, 1945; Scripture, 1891; 
Tredgold & Soddy, 1956). According 
to Mitchell (1907) and Révész (1940), 
precocity has been the rule for pro- 
digious calculators, exceptional abil- 
ity usually being identified at about 
5—5.5 years in 75% of the cases. 
Unfortunately, little is known of 
the environmental origins of these 
abilities, especially concerning higher 
mathematics. Even less is available 
on teaching methods, beyond occa- 
sional comment, for instance, that a 
boy putatively learned by counting 
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pebbles or peas as a means of passing 
the hours while tending sheep. The 
prevailing genetic orientation of ear- 
lier investigators may be partly re- 
sponsible for this lack of interest in 
the details of learning. A useful ex- 
ception is provided by Stoner (1914, 
1916), who reported that her child 
could, for example, count change by 
age 2. Stoner furnishes ample detail 
on teaching procedures, most of 
which call for games and similar 
motivating devices. 

The frequent unevenness in ac- 
quiring abilities also may be ex- 
plained as a contrast phenomenon. 
Perceptually, this would inflate gains 
achieved in one (or two) successful 
areas, when found in an individual 
of otherwise low abilities. The retro- 
spective basis and sketch:-:<:s of 
most case records would tend to pro- 
mote this effect. On the other hand, 
the observed disparity in well-docu- 
mented cases has led to a number of 
theories, nearly all of which accord 
some place to experience. Some 
emphasize the unequal inheritance of 
abilities; others stress that pathology 
(emotional and/or organic) may be 
implicated (Scheerer, Rothman, & 
Goldstein, 1945). What may be for- 
gotten is that the extent to which en- 
vironmental factors can develop abil- 
ities unequally is a measure of the de- 
gree to which abilities can be learned 
independently of one another. 

That long periods of learning are 
indispensable for the early acquisition 
of calculating and similar abilities is 
suggested by the following: case rec- 
ords, although often less complete 
than those on early reading, similarly 
point to years of exceptional, early 
stimulation and practice as the rule 
(Bell, 1937; Jakobsson, 1944; and 
others). Second, there is much evi- 
dence to suggest that the preschool 
child’s successful efforts to attain 
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high abilities have frequently been 
early and liberally reinforced and 
channelized by such social role labels 
as “wizard”’ or ‘‘genius’’ calculator 
(Barlow, 1951; Mitchell, 1907; and 
others). Finally, it is unreasonable 
to believe that even the “simpler”’ 
mathematical concepts, thousands of 
years in the attainment historically 
(Sarton, 1952, 1959), could emerge 
autogenously in untutored children, 
following Dennis’ and Dennis’ (1951) 
notion. 

Yet even contemporary research on 
the numerical abilities of preschool 
children, as in other cognitive areas, 
is still highly concentrated on merely 
registering the ages and order of 
normal development. It is as if the 
development of abilities does indeed 
evolve autogenously or through ma- 
turation alone. In fact no experi- 
ments were found which were di- 
rectly concerned with how, or the de- 
gree to which, preschool children can 


learn quantitative relationships and 
numbers. Nor do educational theory 
and practice make any provision for 
teaching arithmetic before age 5, any 


more than they do for reading. 
Similarly, MA concepts of arithmetic 
“readiness” have, for elementary 
school programs, been interpreted 
rigidly in terms of age norms (e.g., 
Harding, 1959; Washburne, 1928). 
The observations of Ilg and Ames 
(1951) illustrate this maturational 
outlook. Developmental gradients on 
several aspects of the number process 
at 6-month intervals from the age of 
1 year through 9 years have been 
catalogued. In their usual fashion 
little attention is devoted to learning 
processes, mental growth being the 
descriptive framework. Similar col- 
lections of developmental observa- 
tions on number concepts in early 
childhood have been assembled by 
Descoeudres (1946), Giltay (1936), 
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and Long and Welch (1941). Piaget 
and Szeminska (1952) have also 
worked in this area, although they 
are more concerned with theory than 
with facts. Probably the most im- 
portant modal shift in the acquisition 
of number concepts involves moving 
from simple perception of ‘‘oneness”’ 
and ‘‘twoness,’’ or broad discrimina- 
tions of quantity, to comprehension 
and accurate perception of three or 
more units. This takes place usually 
around the age of 3.5. But nearly 
every study finds some children who 
make this basic transition toward 
functional mastery of the number 
system at the age of 3 or younger 
(and some at older ages). Therefore, 
unless the explanation is assumed to 
be totally a genetic one, the now un- 
probed differences in learning oppor- 
tunities should be investigated. This 
point is brought into sharper relief by 
Ilg’s and Ames’ (1951) observation 
that adding behavior begins pri- 
marily at 5 and 6, precisely the ages 
when most children enter elementary 
school. 


Musical A bility 


Like mathematics, musical struc- 
ture is also comparatively inde- 
pendent of other categories of cogni- 
tion. Music, too, has frequently been 
learned early. But until the inception 
of the kindergarten movement, 
music, unlike the three Rs, was never 
prominent in most infant school pro- 
grams (Adamson, 1905; Raymont, 
1937; Reisner, 1930). As a result, 
source material on the early develop- 
ment of musical abilities is largely 
biographical (e.g., Barlow, 1951; 
Bowerman, 1947; Maazel, 1950). 
The records show that the family (or 
tutors) has been the primary agent 
for‘ musical education, at least until 
later in childhood. Teaching meth- 
ods although seldom adequately de- 
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scribed, have often been surprisingly 
formal from a very young age. 
Stoner (1914, 1916) in the music field 
was one of the innovators in deviat- 
ing from this formality, which 
course simply paralleled the rigor 
traditionally used in all instruction. 
She adapted both vocal and instru- 
mental (violin) learning to her young 
daughter's development, 
cognitively and dramatically. As we 
shall see from a survey of musical 
child prodigies, much early stimula- 
tion has taken the form of immersion 
in a rich musical milieu. But formal 
or informal, no early achievements 
are recorded (where records are de- 
tailed) without unusual stimulation 
having preceded these accomplish- 
ments. 

To mention a few well-known ex- 
amples (Maazel, 1950), Mozart, born 
into an intense family musical atmos- 
phere, playing at about 3 
years, receiving formal lessons at this 


of 


levels of 


began 


age. He began composing as early as 
5, attracting public attention 
soon after. Yehudi Menuhin was 
performing as a violin soloist with the 
San Francisco Symphony by 6; he 
had begun lessons formally at 3. 
Mendelssohn played in public at 9 
and composed fluently at 11; he had 
begun formal piano instruction at 
age 4. Josef Hofmann started lessons 
at 3.5 and performed in public at 6. 
Haydn began formal lessons at 5, 
having been exposed earlier to much 
informal stimulation, and was able 
to sing many songs from an early age. 
Jascha Heifetz accompanied his par- 
ents to concerts from infancy, took 
lessons formally from the age of 3 and 
played his violin in public by 5. 
Sandra Berkova displayed little sign 
of musical talent prior to beginning 
systematic violin instruction at 2.5 
with her mother, herself a concert 
violinist. Berkova played her first 


age 
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concert (of 14 pieces) at 3.5, making 
a debut with the Los Angeles Sym- 
phony at 5. Both Heifetz and Ber- 
kova learned with the aid of an inter- 
esting teaching device; they played 
initially on a miniature violin (not a 
toy), fabricated to their size. Among 
many other cases which could be 
cited, Gaw (1922) reports a child who 
could hum tunes at 1 year and sang 
publicly at 4. She started piano 
lessons formally at 5 and later be- 
came a concert accompanist. Paral- 
leling other accounts where reporting 
is complete, this child was exposed to 
constant musical activity practically 
from birth. 

There also has been some experi- 
mental work done on the early de- 
velopment of musical skills, although 
less than on early reading. Curiously, 
there have been fewer efforts to tabu- 
late developmental norms for this 
area. In one such tabulation, how- 
ever, Jersild and Bienstock (1934) 
concluded that many children 
young as 4 have developed such 
abilities as, for example, being able to 


as 


sing a range of tones equal to those of 


adult. Two studies 
(Gaw, Stanton, 1922) at Iowa 
surveyed musical ability in the 
schools, using the Seashore measures 
of musical talent. Both were con- 
cerned with weighing the relative 
contributions of heredity and envi- 
ronment. Data were restricted to 
frequencies and percentages com- 
piled from rather incomplete and ret- 
rospective case material. Although 
the authors drew conclusions in favor 
of heredity, inspection of the data re- 
veals that the same pattern of find- 
ings is easily consistent with environ- 
mental explanations. The association 
between the children’s abilities and 
their musical experience was poorly 
controlled. 

Four experimental studies, two of 


the average 


1922: 
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them well controlled, have succeeded 
admirably in teaching young children 
vocal abilities. Jersild and Bienstock 
(1931) taught 18 children from 30 to 
48 months of age to sing songs 10 
minutes twice weekly over a stretch 
of 6 months. The experimental 
children scored significantly higher on 
pitch and intervals tests than their 
untrained Four months 
following the training, the practice 
group was still very much in the lead. 
Updegraff, Heiliger, and Learned 
(1938) report similar, highly positive 
their controlled study. 
Jersild and Bienstock (1934) later 
gave only 6 weeks training to 23 
children aged 3-8.5 years, but used no 
They reported that some 
gains was retained 
They con- 


controls. 


results for 


controls. 
permanency ol 
over a 2-vear period. 
clude from their several studies that 
early training is advantageous to 
musical ability. If ability is not 
learned early, they believe “habits of 
disuse’”’ may occur which inhibit 
learning at older ages. 

Hissen (1933) in a similar study 
produced evidence that children aged 
21-54 improved in_ tonal 
discrimination and accuracy of tonal 
reproduction with lasting 
from 1 to 2 nursery school semesters 
(10-20 lessons). In one experiment, 
Colby (1935) failed in teaching 3.5- 
4 year old children to play a tin fife, in 
part because the fingers of the young 
children were too short for the instru- 
ment. Fabrication of a miniature in- 
strument, equivalent to the violins of 
Heifitz and Berkova, might have re- 
solved this difficulty. 

Musical abilities in early child- 
have been only superficially 
studied. There are nevertheless 
many positive findings, both _his- 
torical and experimental, on benefits 
of early, long-term stimulation. Ex- 
tensive experimental work is neces- 


months 


training 


hood 


sary to substantiate and expand 
these findings and to establish a pool 
of information on techniques of 
musical training. 
Drawing and Painting 

The medium of drawing is perhaps 
not ordinarily thought of as a cogni- 
tive process based on symbols and 
abstract concepts in the same way 
mathematics and conventional lan- 
guage are. This may be because, in 
addition to being classified as a less 
definable artistic or creative activity, 
the finished product has often tended 
to “‘look like’ our visual perception 
of an aspect of reality. The fact of 
selectivity the existence of 
techniques and rules for realizing 
different modes of expression in art 
work, however, point to the involve- 
ment of abstract, symbol systems 
(Robb & Garrison, 1935). Techni- 


and 


ques for handling 3-dimensional per- 
cepts on 2-dimensional planes or for 


handling problems of chiaroscuro are, 
for example, highly complicated. 
The wide range of differences 
achieved in ability levels further 
suggests the complexity of learning 
implicated (whatever the role of in- 
herited talent). It is, moreover, prob- 
ably for these reasons that drawing 
tasks have been utilized in several 
IQ tests (e.g., Goodenough, 1926; 
Jaffa, 1934; Terman & Merrill, 1937). 
But, as we have indicated, rules and 
methods for learning to draw and 
paint, are usually less formally de- 
fined or widely agree upon than, say, 
those for the structure of mathe- 
matics and music. This absence of 
formal definition may help to ac- 
count for the dearth of reports on 
precocious painters found in _his- 
torical sources. 

Most research on drawing ability 
and related visual art forms has over 
(Goodenough, 1926) 


many years 
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rarely stepped beyond an interest in 
describing typical developmental se- 
quences. Monroe (1929), for ex- 
ample, chronicled a series of 
stages of progression, starting at age 
2, along a continuum of the degree to 
which the child has learned to repre- 
sent reality in his spontaneous draw- 


has 


ings. In general, drawing as a more 
com: lex conceptual process tends to 
emerge (according to the 
around the age of 3, when the child 
begins to draw ideoperceptual forms 
planfully as opposed to the random 
production of scribbled and 
loops. Goodenough’s (1926) MA and 
IO test is based on the extent of com- 
plexity and realism the child utilizes 
in drawing the figure of a man, but 
descends only to age 3.5. Gesell and 
his followers (e.¢., Gesell et al., 1940; 
Gesell & Ilg, 1949) have included 
drawing skills in their collections of 
developmental norms. Thus, for 
example, Gesell and Ames (1946) find 
certain directions prevail in the way 
a child draws at a given age. 

Dubin (1946), on the other hand, 
was successful in accelerating the 
mean development of a group of 
nursery children in repre- 
sentational drawing abilities during a 
period of about 6 months of special 
training. The children ranged in age 
from 2-0 to 4-8 years, with a mean of 
3-3 years. They were classified ac- 
cording to Monroe’s (1929) ‘‘stages”’ 
of drawing development. Each child 
was stimulated to achieve beyond his 
present stage of skill in easel paint- 
ing, by means of open-ended ques- 
tions or statements of encourage- 
Differences in favor of the ex- 


norms) 


lines 


school 


ment. 
perimental group over their matched 
controls (who engaged in 6 months of 
undirected drawing) were significant 
at the 1-2% level. Interest of the 
children in drawing also increased 
significantly. 
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Results in this case are promising 
but the experiment is isolated and 
historical evidence limited. Without 
further research few conclusions can 
be drawn regarding the possibilities 
of early learning in this area. 

Writing 

Writing is closely related to draw- 
ing, in the sense of some of the per- 
ceptual-motor skills composing it. 
The chief difference lies in the ob- 
vious substitution of intricate verbal- 
symbol systems for the visual 
imagery and forms of drawing. 

As always, the empirical search for 
developmental age trends, based on 
maturational assumptions, is the pre- 
ferred investigational approach. The 
studies of Ames and Ilg (1951) and 
Hildreth (1936) illustrate this ap- 
proach. The developmental norms 
reported coincide with the age period 
when the child enters the formal 
school system. As might be ex- 
pected, the biggest jumps in the accu- 
rate production of letters and words 
generally occur during the sixth and 
especially the seventh years. 

Although writing was one of the 
three Rs in the early infant schools 
(Adamson, 1905; Brown, 1924; Rusk, 
1933), it may not have been given as 
much attention, since details are so 
little reported in historical sources. 
We know only of Stoner’s (1914) 
daughter, who could write and spell 


simple sentences before she was 2, 


and the case of Francis Galton 
(Terman, 1917). Galton had learned 
to write simple prose by his fourth 
year, through the painstaking but 
gentle efforts of his older sister. 
Montessori’s (1912) success in 
teaching 4-year-olds to write in her 
nursery schools needs reitera- 
tion, especially in the light of her de- 
tailed accounts on method (1912, 
1920). She first had the children 


also 
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finger-trace raised abstract-geometric 
forms which had been treated to 
make a rough, sandpapered surface. 
This was followed by the gradual in- 
troduction of similarly fabricated, 
raised letters. Montessori found that, 
within a few weeks, children as young 
as age 4 began to write, in her terms, 
“spontaneously."’ Progress was al- 
most invariably this 
point on. 

Montessori’s investiga- 
tions on early cognitive learning have 
fostered no continuing interest, un- 
fortunately. But there is some recent 
revival of interest reflected in the pre- 
liminary work of Moore and Ander- 
son (1960), cited earlier; also a study 
of this investigator (in progress) on a 
3-year-old learning to write. Assum- 
ing more extensive confirmation with 
other subjects, the relationship 
of these early childhood writing 
achievements to norms like those of 
Ames and Ilg (1951) and of Hildreth 
(1936) is clear. Established with 
little reference to prior training, these 
norms should probably be restricted 
in definition to one of cultural norms 
arising from prevailing practices. 


rapid from 


pioneer 


EARLY COGNITIVE STIMULATION 
AND PSYCHOSOCIAL 
DEVELOPMENT 


There is current a widespread be- 


lief that to undertake extensive 
cognitive stimulation with the infant 
and young child is to invite frustra- 
tion, learning and, in 
more extreme form, general personal- 
ity disturbances. Much of the foun- 
dation for this opinion is unquestion- 
ably rooted in concern over the emo- 
tional problems which are supposed 
to have been generated in tradition- 
ally rigid educational systems. There 
is also an ancient popular belief that 
abnormal development (‘‘madness’’) 
is a concomitant of extreme mental 


inhibitions, 
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brightness (‘‘genius’’) and early prod- 
igy. Scholars have, in the past, lent 
some credence to this notion (Lange- 
Eichbaum, 1931; Lombroso, 1891). 
The basis for this latter view, if not 
the view itself, has been seriously 
weakened in recent times. There is 
now a plethora of studies demon- 
strating that intellectually preco- 
cious children enjoy above average 
social adjustment, as well as intel- 
lectual achievement, throughout 
their life span (Cox, 1926; Davidson, 
1931; Hollingworth, 1926, 1942; 
Miles, 1954; Terman, 1918, 1925; 
Terman & Oden, 1940a, 1940b, 1947; 
Witty, 1930, 1940). 

Contemporary psychological theory 
is nevertheless inclined to regard 
emotional damage to the child as an 
inherent consequent of the process of 
systematic (if not all) early training 
in cognition. Developmental and 
psychodynamic theory especially de- 
fines the nature of the young child as 
rather fragile, autistic, and irra- 
tional—at the mercy of his emotional 
life. It is also believed that he lacks 
perceptual-cognitive structure, ob- 
jectivity, and basic concepts essen- 
tial for assimilating cognitive stimuli 
to any important degree. Many 
stress the importance of neural im- 
maturity, requiring that certain 
stages of structural ‘“‘ripeness’’ be at- 
tained before complex categories of 
intellectual stimulation can be ab- 
sorbed safely. To some extent these 
beliefs are intrinsic to the widely held 
concept of “learning readiness,’’ al- 
though the notion of ‘“‘timely’”’ stimu- 
lation which should not come too late 
or too early is common (cf. Betts, 
1957; Monroe, 1951; Thompson, 
1952; Witty, 1946). The young 
organism also is often considered to 
be governed by immature, gross per- 
ceptual-motor modes, fitting him 
poorly for the fine perceptual-motor 
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focusing which accompanies many 
types of cognitive functioning. For 
premature demands for 
fine, visual discrimination (as in 
reading) upon undeveloped struc- 
tures are thought to make progress 
difficult and induce emotional and/or 
visual damage to the child (Gesell, 
1949; Gesell et al., 1949). 

It is also felt that extensive par- 
ticipation in social relations during 


example, 


the early years is essential for the 
balanced personal develop- 
ment. Without quarreling with this 
last believe that a few 
minutes to an hour a day spent with 
books and related intellectual stimu- 
lation is far from unbalancing. It 
may decidedly enrich development 
through augmenting knowledge and 


most 


view, we 


advancing environmental mastery. 

Because of the dangers imagined it 
is logical that specific tests of these 
hypotheses have been rare. In addi- 
tion, these fears have undoubtedly 
discouraged research on early cogni- 
tive learning per se, despite the fact 
that what little evidence can be 
mustered contradicts these theories, 
or is tenuous at best. 

In the first place, the excellent ad- 


justment and accomplishments which 
gifted children have realized (Cox, 


1926; Miles, 1954; Terman, 1918, 
1925; and many others), suggests the 
value of intensive early stimulation 
which apparently all gifted children 
receive. Furthermore, we have no 
assurance that this special stimula- 
tion may not itself be 
sable agent in the formation of high 


an indispen- 


abilities. 

Secondly, in studies 
cluded medium or low IQ children 
under 5, who were given some form of 
lengthy cognitive training, there is 
no evidence the children suffered ill 
effects of any kind—including vision 

(Brown, 1924; Davidson, 1931; 


which in- 
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Dawe, 1942; Dubin, 1946; Gesell & 
Thompson, 1941; Jersild & Bien- 
stock, 1931; McGraw, 1939; Moore & 
Anderson, 1960; Thompson, 1944; 
Updegraff, Heiliger, & Learned, 1938; 
and others). While investigation 
never has centered on emotions, 
many of the studies included ma- 
terial relevant to this area (especially, 
Davidson, 1931; Gesell & Thomp- 
son, 1941; McGraw, 1939; Moore & 
Anderson, 1960; Thompson, 1944). 
Of the latter studies, all except 
Gesell and Thompson (1941) are in- 
clined to attribute many benefits, 
socioemotional as well as cognitive, 
directly or indirectly to the stimula- 
tion. 

Experiments on the nature-nuture 
issue, as we have observed, were 
rarely designed either to influence or 
to trace the kinds of experience en- 
countered during the early years. 
Only in nursery school programs has 
some effort been made along these 
lines and, here, perceptual motor and 
social skills have been found to pre- 
dominate. In the few studies that 
used specifically defined cognitive 
programs, the effect upon emotional 
adjustment and social learning ap- 
pears to have been highly favorable 
(Carr, 1938; Davidson, 1931; Peters 
& McElwee, 1944; Thompson, 1944). 
Thompson (1944) furnished 11 child- 
ren with a cautious program of cogni- 
tive guidance in nursery school ac- 
tivities, compared with minimum 
guidance for the matched controls. 
IQs were not specified, but appar- 
ently were not far above average. At 
the end of one school year the experi- 
mental children scored significantly 
in the following traits of social-per- 
sonal development over their con- 
trols: ascendance, constructiveness 
(when faced with possible failure), 
social participation, and leadership 
ability. No change was found in the 
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proportion of ‘‘nervous habits,”’ how- 
ever. Although both groups gained 
in IQ scores, the experimental group 
made slightly larger gains (difference, 
p<.10). This small difference may 
be ascribed to the fact that the type 
of activities were identical for both 
experimental and control children. 
More important, guidance techni- 
ques only of increased 
personal attention, indirect methods, 
play ma- 


consisted 


and some organizing of 
terials. Verbal guidance techniques 
were largely excluded. 

Peters and McElwee (1944) found, 
moreover, that their 6 socially de- 
prived 3-year-olds of IQ ap- 
peared to benefit heavily in social and 
emotional functioning and suffer no 
harm from 8 months of organized 
cognitive stimulation. They gained 
42 points in social quotient on the 
Vineland Social Maturity Scale and 
increased on Merrill-Palmer Per- 
sonality ratings. Since controls were 
omitted, however, these results and 
other gains reported in 
fidence and initiative in attacking 
new problems should be eyed with 


low 


self-con- 


caution. 
Evidence of a more negative sort 

occasionally this gen- 

erally satisfactory picture. It will be 


it Welch (1940b) en- 


motivational re- 


has marred 
remembered thi 
countered 
sistance when he endeavored to teach 
relations to 12-20 
It is difficult to 
however, 


some 


genus-species 
month old children. 
draw 
Welch supplies only spotty details. 
As noted earlier, Welch’s methods 
may sometimes have been inflexible 
and he failed to separate experi- 
mental methods from subject matter. 
Moreover, his subjects often learned 
the relevant concepts. It may also be 
of consequence that Welch does not 
mention emotional difficulties as an 
important or recurrent problem in 


conclusions, since 
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any of his extensive experimental 
work with preschool children. 

There is, perhaps, only one other 
study directly concerned with the 
emotional problems connected with 
preschool cognitive learning (Fowler, 
in press). In Fowler's investigation of 
early reading with Velia, his 2-year- 
old daughter, he observed a number 
of signs of emotional maladjustment 
toward the end of the training. It 
was not possible to determine, how- 
ever, to what extent these may have 
been due to: (a) cumulative pressures 
which may have arisen from the read- 
ing stimulation per se; (0) a known, 
difficult, and concurrent nursery 
school conflict experience (the child 
was one of only two 2.5-year-old- 
children in a group of seven, active 
3- to 4-year-olds, all at least 7 


months older); or (c) other factors, 
such as faulty methods of teaching, 
singly or in combination with the 


first factors. It is noteworthy that 
the appearance of Velia’s only im- 
portant and persisting emotional 
problems coinéided to the week with 
nursery school attendance. The dif- 
ficulties followed 7 months of ade- 
quate and improving social adjust- 
ment and motivations for the train- 
ing. 

Velia has remained under observa- 
tion for the ensuing 5.5 years. Essen- 
tial recovery (after 
some months) from earlier emotional 
troubles. Moderately 
adjustment has been maintained since 
that time. Interest and achievement 
in reading have been very high and 
the child also follows a broad pattern 
of cognitive and phsyical activities. 

It is also true that studies of bright 
children, who were highly stimulated 
at an early age, have uncovered a 
small proportion who experienced 
some disturbance in personality func- 
have been concen- 


was disclosed 


gor od social 


tioning. Cases 
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trated in the extremely high IQ sub- 
group (e.g., Hollingworth, 1942). Sig- 
nificantly, problems have generally 
appeared to stem from the child's 
social role difficulties, arising from the 
manner in which society has tended 
to evaluate a child of this caliber— 
viz., “egghead’’—(Hollingworth, 
1926, 1936, 1942; Miles, 1954; Root, 
1921; Terman, 1925; Terman & 
Oden, 1940a, 1940b, 1947; Witty, 
1930, 1940). Occasionally there is 
evidence that role adjustment prob- 
lems of this type may not have been 
the sole source of disturbance (e.g., 
Barlow, 1951; Dolbear, 1912; Hol- 
lingworth, 1926, 1936, 1942; Jordan, 
1933; 1921). Post hoc 
records have not proved decisive on 
The concur- 


Root, case 
these points, however. 
rent appearance of signs of faulty 
child rearing (parental ambivalence, 
overindulgence, etc.) or pressuring 
methods of training have precluded 
judgment of the effects of cognitive 
stimulation as such. 

Historically, as we have seen, the 
severe early infant 
schools probably brought extensive 
But where con- 


conditions in 


emotional problems. 
ditions were less rigorous, the socio- 
emotional may even 
have been highly positive (cf. Rusk, 
1933). This contrast supplies some 
evidence that defective methods, 
rather than early stimulation, may 
endanger the child’s emotions. 
Correlations between learning dif- 
ficulties and personality malfunc- 
tioning often have been reported in 
the field of educational research 
(Anderson & Dearborn, 1952; Gann, 
1945; Gates, 1941; Milner, 1951; 
Missildine, 1946; Robinson, 1946; 
Smith, 1955; and others). Findings 
have been complex and inconsistent, 
however, and the direction of ante- 
cedent-consequent relations often has 
uncertain. This has led 


consequences 


remained 
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Smith (1955), among others to con- 
clude that reading problems, for ex- 
ample, and emotional maladjustment 
both arise from a common constella- 
tion of causes. While there is some 
evidence that coercive methods may 
be harmful (e.g., Missildine, 1946), 
the indictment is unclear with respect 
to the role of preschool stimulation. 
Actually, data from educational 
sources mostly are concerned with 
elementary school age children and 
are of little concern here. 

Certain experiments in discrimina- 
tion learning (Razran, 1933), i.e., 
where differences between CSs are 
gradually reduced below threshold, 
have produced emotional disturb- 
ances in animals. Other experiments, 
employing a_ frustration-aggression 
hypothesis (Barker, Dembo, & Lewin, 
1941; Dembo, 1931; Fajans, 1933), 
have resulted in temporary frustra- 
tion reactions in children. These 
studies may have a narrow range of 
application because in both types of 
experiments there were actually no 
solutions available for the problems 
as they were defined. Nevertheless, 
the children often became markedly 
frustrated when confronted with com- 
plex stimuli apparently open to solu- 
tion (the frustration-aggression hy- 
pothesis problems). This may be 
analogous to the problem the very 
young child faces when presented with 
complex cognitive stimuli above his 
comprehension level, but which the 
adult presents as if the child should 
be able to grasp them. On the other 
hand, is this problem essentially dif- 
ferent from the hazards of presenting 
stimulation at any age which is im- 
properly graded and paced for the 
child’s level? 

We wonder, in short, whether our 
modern anxiety over the damage 
childhood cognitive stimulation may 


induce is sufficiently anchored in 
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reality. In the probably well-founded 
criticisms of severe methods formerly 
(and perhaps even now occasionally) 
used, was there any reason to assail 
the process of early cognitive instruc- 
tion per se? Is it possible that re- 
formist zeal, fed liberally by the dis- 
coveries of Freud and others, may 
have resulted in methods and condi- 
tions being profoundly confused with 
subject matter, that is, cognitive ma- 
terial as such? Research to date, al- 
though requiring much extension, ap- 
pears to harmonize very well with 
such an interpretation. 
DiIsCUSSION AND SUMMARY 

This critical survey of 
literature on cognitive learning in 
early childhood has been made in 
order to gain perspective on certain 
crucial but widely neglected research 
problems. Neglect of these problems 
has resulted in a stress on genetic 
factors in early cognitive develop- 
ment. Correspondingly, this has been 
at the expense of visualizing the scope 
and complexity of learning realizable 
during the intial phases of develop- 
ment. 

Traditionally, there appear to have 
been two major viewpoints explain- 


selected 


ing processes of development, and to 
account for the protracted course 
children go through to acquire com- 


plex knowledge. The first view fixes 
on concepts derived from biology. 
Under this intelligence and 
various abilities are postulated as in- 
herited. They emerge through a proc- 
ess of unfolding along a growth con- 
tinuum in several ordered stages of 
maturation. Modification of this in- 
nately determined patterning by 
means of environmental circum- 
stances is placed in secondary posi- 


view, 


tion. 
In research, this view has led to a 
concentration on empirical studies 
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organized cross-sectionally for collect- 
ing normative data. For the most 
part, these norms have been linked 
sequentially to chronological age 
levels (e.g., MA or any age-trait be- 
havior). The use of longitudinal 
studies has been, logically, an impor- 
tant additional derivative of this 
view. But a maturationally oriented 
developmental framework 
dominated long range investigations 
made under its jurisdiction, as to 
cloud evidence which might have led 
to alternate conclusions. In addi- 
tion, there are other important re- 
search errors and orientations which 
have tended to feed this bias. These 
include the frequent omission of ade- 
quate controls; the experimental 
fusion of variables; an emphasis on 
sensory-motor and social-emotional 
development to the relative exclusion 
of complex, perceptual-cognitive proc- 
and, above all, the simple 
omission of (antecedent) experiential 
data. 

An important group of better con- 
trolled studies has probed the matura- 
These 


has so 


esses; 


tion versus learning issue. 
studies have, in the main, continued 
subordinate to maturationally ori- 
ented hypotheses; have failed to sep- 
arate general experience from matu- 
ration; and have too often designed 
training programs with only simple 
material and/or have covered 
short a time span. These limitations 
have aborted opportunities for im- 
pressive gains to accrue in cognitive 
learning. 

The second more or less opposing 
view, while according a greater role 
to experience, has generally been 
dominated by a behavioristic out- 
look. In its concern for dealing with 
operationally definable processes, this 
outlook has only recently begun to 
divest itself of a molecular focus which 
has relegated complex conceptual 


too 
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processes to the second-class status 
of “intervening variables."’ This out- 
look also has generated a situational 
focus abstracted from the molar life 
situation, history, and developmental 
status of the organism. 
Preoccupation with precision and 
accurate measurement has induced 
many behavioral researchers to cling 
to high control, animal experimenta- 
tion of the laboratory. This has 
meant a comparative neglect of ex- 
perimentation on learning in children. 
The frequent investigation of 
children has been much confined to 
correlational or cross-sectional study 


less 


of a few isolated components of be- 
Learning where 
studied, have embraced 


whose solution depends only upon a 


pre cesses, 


problems 


havior. 


few simple operations acquired over 
a restricted number of trials. Little 
attention has been directed toward 
longitudinal work on the antecedent- 
consequent relations of basic cogni- 
tive dimensions. 

The net effect of the two frame- 
works combined has been to retard 
the development of interest in cogni- 
tive learningin youngchildren. There 
have other serious 
brakes upon the growth of such an 
Experimental work can be 
expensive. Longitudinal studies of 
cognitive learning processes are likely 


been, however, 


interest. 


heavy outlays of time, 
The detaiied 
and the 
planning, observations, and teaching 
energies is multiplied by the intricacy 
of processes involved in acquiring 
knowledge Reading a language, 
number calculation, playing a musi- 
cal instrument, and conceptualizing 
physical causality are all processes 
organized in terms of complex sys- 
tems of interrelated verbal symbols 
and concepts. Learning such systems 
inevitably becomes a long-term, in- 


to demand 
energy, and resources. 
nature of 


costly necessary 
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creasingly complex, and cumulative 
process. Each series of steps is inte- 
grally related to and founded on 
lower orders of information. As a 
result, progress demands that ma- 
terial be broken into simplified com- 
ponents and presented systematically, 
step-by-step in a long, shallow gradi- 
ent. 

Consider that even older children 
and adults are likely to require pro- 
longed time spans to make substan- 
tial headway in learning any com- 


plex cognitive system. Thus, the 


presumed inability of the preschool 
child to learn large blocks of knowl- 
edge may well be more apparent than 


real. Possibly it is more our failure 
to teach the child systematically in 
these areas than it is his inability to 
learn. The promising results in the 
few longitudinal training studies of 
this kind support this conclusion. 
There are of course additional con- 
ditions which may contribute to the 
young child’s difficulty with complex 
Among these are 
may inhere in 


cognitive learning. 
characteristics which 
the learning process itself during the 
initial stages of life. Something of the 
nature of this process has been ad- 
umbrated by learning theorists, not- 
ably, Hebb (1949) and Harlow (1949), 
and conceptualized in other ways by 
Piaget (1952). At birth, the infant, 
virtually lacking any knowledge at 
all, must spend an “apprentice”’ 
phase acquiring the most elementary 
foundation discriminations and gen- 
eralizations on the nature of the 
physical and social world. These pri- 
mary concepts are perhaps the most 
difficult and slowest to come by. This 
is because the infant 
general frames of reference to serve 
as guides or conceptual leverages for 
learning. Stated in another way, the 
neonate and child for some time is, 
essentially, learning the process of 


possesses no 
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how to learn; he is “learning to 
learn’”’ or is acquiring directional 
learning sets. In this manner, what 
to an adult are tiny and insignificant 
steps in learning various systems are, 
to the very young child, probably 
giant strides. 

The early years may hold special 
problems for acquiring knowledge. 
But unless efforts to explore cogni- 
tive learning in young children are 
greatly multiplied, we shall continue 
to know little about them. Fortu- 
nately, signs of interest in a percep- 
tual-cognitive framework, if not in 
cognitive learning, have been appear- 
ing more often recently in writings 
on child development. Examples may 
be found in the texts of Thompson 
(1952) and, particularly, of Baldwin 
(1955). The new handbook of re- 
search methods (Mussen, 1960) labels 
an entire section “cognitive proces- 
ses.’’ The ideas of a number of psy- 
chodynamic (e.g., Isaacs, 1945; Sul- 


livan, 1953), learning (Hebb, 1949; 
Harlow, 1949), and perceptual-cog- 
nitive theorists (e.g., Piaget, 1952; 


Solley & Murphy, 1960; Werner, 
1957) have also in some ways bridged 
traditional gaps existing among de- 
velopmental, learning, perceptual, 
cognitive, and motivational theories 
of behavior. However, much remains 
to be elaborated. More important, 
to date little of this theory construc- 
tion seems to have stimulated cor- 
responding research activity on long- 
term cognitive learning in child de- 
velopment. 

Much if not most of the energy in 
child psychology and development in 
late years has been concentrated on 
the child’s personality, perceptual 
motor, and socioemotional function- 
ing and development. Originating 
primarily as a reaction to historically 
inadequate and stringent methods, 
fears have generalized to encompass 
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early cognitive learning per se as 
intrinsically hazardous to develop- 
ment. As legitimate areas of study, 
the contributions of studies on per- 
ceptual-motor and _ socioemotional 
problems are obvious. But in the 
field of child guidance, interest in 
these areas has come to permeate and 
dominate work in child development 
almost to the exclusion of work on 
cognitive learning. In harking con- 
stantly to the dangers of premature 
cognitive training, the image of the 
“happy,” socially adjusted child has 
tended to expunge the image of the 
thoughtful and intellectually edu- 
cated child. Inevitably, in this atmos- 
phere, research (and education) in 
cognition has lagged badly, especially 
since the 1930s, not only for the 
early years of childhood but for all 
ages. 

Even prior to the more recent era, 
however, very little careful research 
was done on early cognitive learning. 
As historical evidence shows, most 
studies have comprised the work of 
those “beyond the pale’’ of formal 
psychology. Yet, taken collectively, 
the findings are so provocative as to 
make us entertain hopes that many, 
if not all, children can and indeed 
should be offered much more cogni- 
tive stimulation than they have been 
generally receiving. 

There is, however, a further prob- 
lem, at once a derivative of and an 
important contributor to the failure 
to undertake work on cognitive 
learning. Few systematic methods 
have been devised for educating 
young children, especially in compli- 
cated subject matter. We have in 
mind methods for simplifying and 
organizing the presentation of cogni- 
tive stimuli. Equally important, 
methods must be sufficiently flexible 
and play oriented to be adaptable to 
the primary learning levels and per- 
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sonality organization characteristic 
of the infant and young child. 

The advantages of utilizing the 
now relatively untapped “preschool” 
years for cognitive education are of 
course manifest. Most obvious, is the 
availability of more years of child- 
hood to absorb the increasingly com- 
plex technology of modern society, a 
technology already requiring many 
of the more productive years of de- 
velopment to acquire. A second is the 
less evident but more crucial possi- 
bility that conceptual learning sets, 
habit patterns, and interest areas, 
may well be more favorably estab- 
lished at early than at later stages of 
the developmental cycle. Moreover, 


there may be problems inherent in 
allowing long-term sets and the ac- 
cumulation of knowledge in one area 
to take precedent over learning in 
Conceivably, to establish 


another. 
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The past 10 years of work, involving 
the study of the effects of X radia- 
tion upon the learning and retention 
of the rat has introduced many vari- 
ables which are in need of careful re- 
examination. The experimental find- 
ings have been fairly consistent in 
showing that the unborn irradiated 
organism is more drastically affected 
in its learning ability than is the post- 
natally irradiated subject (Furcht- 
gott, Echols, & Openshaw, 1958; 
Kaplan & Harris, 1957; Kaplan, 
Tait, Wall, & Payne, 1951; Levinson, 
1952; Levinson, 1960; McCutchan, 
1957). Likewise, it has been shown 
that the learning ability of the ne- 
onate is more adversely affected by 
X radiation than is the adult rat 
(Kaplan, Tait, Wall, & Payne, 1951; 
Levinson & Zeigler, 1959; Tait, Wall, 
Balmuth, & Kaplan, 1952). 

Several learning instruments have 
been used to study these behavioral 
effects of X ray. Among these, at 
least six different mazes (Arnold, 
1952; Blair, 1958; Blair & Arnold, 
1956: Fields, 1957; Fowler, 1957; 
Furchtgott, 1951; Hayes, 1957; Levin- 
son, 1952), operant conditioning 
equipment (Kaplan, 1960; Melching, 
1957), and a variety of field study 
and psychomotor tasks have been 
employed (Furchtgott & Echols, 
1958; Hayes, 1957). It is the purpose 
of this paper to isolate one of the 
methods of study covered by various 
authors during the decade to point 
out the weaknesses and capabilities 
of psychologists in answering some of 
the questions in this field which are 
of vital concern to radiobiologists. 


In the interest of posing the prob- 
lem, the data obtained from studies 
of irradiated rats, wherein the Lash- 
ley III maze has been used, will be 
subjected to a methodological anal- 
ysis. This maze, principally because 
it has been efficient in showing dif- 
ferential effects upon learning as re- 
lated to amount of cortical insult 
(Lashley, 1929), has been used by 
workers studying effects of radiation 
upon learning. In employing the 
Lashley III maze, it generally has 
been accepted that the hypothesis of 
deleterious effects of X radiation 
upon brain function would be sup- 
ported should learning deficits be 
demonstrated. 


THE SCOPE OF THE PROBLEM 


Radiation has been shown to have 
an adverse effect upon learning of 
the albino rat under certain condi- 
tions. It is clear that the interrela- 
tionships between age at time of 
radiation, age at time of testing, dose 
rate, magnitude of dose, are all im- 
portant factors in the amount of 
learning deficit found. It has also 
been clearly shown that there are 
marked individual differences in re- 
sistance to radiation, which implies 
that samples of sufficient size are 
necessary in order to make meaning- 
ful generalizations from data. In 
order to study even a few of these 
factors, experimenters in the average 
university laboratory find it extremely 
difficult to conduct their experiments 
without confronting difficulties such 
as inadequate space, insufficient stor- 
age facilities for ample numbers of 
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experimental subjects, shortages of 
man power, time, and finances. For 
example, in light of the importance 
of studying animals which have been 
radiated in utero and are not tested 
until 400 or 500 days of age, space 
must be available for storing the 
animals for that period of time. 
Again, to allow for adequate samples 
of subjects radiated with five doses at 
10 different pre- and postnatal pe- 
riods, one must employ very large 
populations of subjects. 

The answer to the problem has 


SYLVAN J. KAPLAN 


been attempted, in part, by inde- 
pendent workers in various labora- 
tories who have attacked different 
aspects of the same problem. Levin- 
son (1952), Levinson and Zeigler 
(1959), Furchtgott, Echols and Open- 
shaw (1958), Tait et al. (1952), Kap- 
lan et al. (1951), Kaplan (1960), and 
Levinson (1960) all have explored 
different aspects of effects of radia- 
tion on performance. Their work 
has extended over a period from 1950 
to 1960. As can be seen in Table 1, 
many of the variables isolated as 


TABLE 1 
PRE- AND POSTNATAL RADIATION STUDIES BETWEEN 1950 AND 1960 


PRENATAL: 


‘ 


6 


10 
25 
50 
90 
100 
150 
180 
200 
250 | 
300 | 
350 
375 
400 
450 | 
500 
550 | 
600 


POSTN 


Age at Time of Radiation (Days) 


s 9 |} 10) 11) 12) 13 





90 
150 
180 
200 
225 
250 
275 
300 
350 
360 
600 


ning of study: * 30 days, ° 45 days, ~ 90 days, ” 400 days. 


Note 


15~ 
167 
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relevant have been investigated, and 
it would that the combined 
efforts of these authors should have 
begun to provide many answers to the 
problems under question. In some 
ways, there is no doubt that this is 
so. There is consistency among the 
findings to a remarkable degree. Yet, 
in the interest of better scientific 
methodology, it is important to pre- 
sent the many limiting factors exist- 
ing in the accumulated data which 
make cross comparisons and general- 
izations difficult, if not impossible, 
without much additional experimen- 
tation. 


seem 


THE LITERATURE UNDER 
CONSIDERATION 


Prenatal Studies. From Table 1, it 
is seen that several papers have ap- 
peared reporting that subjects have 
been X-radiated in utero. These 
studies have received much attention 


from scientists studying radiation 


effects upon the tlervous system, par- 
ticularly in view of the histological 
analyses that call attention to the 
times throughout the gestation period 
when specific organs and organ sys- 
tems are peculiarly sensitive to radia- 


tion damage (Hicks, 1950; Hicks, 
1953; Rugh, 1960). 

These experiments have all tended 
to support the position that the sec- 
ond week of gestation reveals the 
most marked deficits in learning,with 
the thirteenth day being one of the 
most critical periods (Levinson, 1952; 
Tait et al., 1952). More recent 
studies, however, have pointed to the 
fact that the sixth and seventh day 
may be even more sensitive to radia- 
tion damage, in terms of impaired 
learning, provided the subject is 
tested at a later age in life than that 
usually studied by most experi- 
menters (Kaplan, 1960). 

Postnatal Studies. Rats have been 
radiated from the first day post 
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partum through 100 days of age and 
then tested for learning ability in 
the Lashley III. In general, the 
Bergonie Tribondeau law whichstates, 
in effect, the younger the tissue the 
greater its sensitivity to radiation in- 
sult (Ellinger, 1946), has been sus- 
tained by the experimental findings. 
Levinson and Zeigler (1959) have 
found that the rats X-rayed on the 
first 2—4 days are less efficient learners 
than those radiated at 24 days of age. 
And Kaplan and Harris (1957) have 
shown that the 100-day-old radiated 
rat will not be impaired by a 100 r.- 
200 r. dose. Levinson and Zeigler 
(1959) and Furchtgott et al. (1958) 
have used these dose levels on younger 
animals and obtained results showing 
impairment of learning. Kaplan and 
Harris have shown it requires an 
exceptionally large dose, (600 r.), to 
impair the learning of the 100-day- 
old radiated rat. 


PROCEDURAL DIFFERENCES 


The primary problem in analyzing 
these findings rests on the variation 
in procedures. Maze and training 
differences in the various experiments, 
criteria for evaluation of results, and 
radiation procedures all involve dif- 
ferences which may possibly affect 
the use of the data for purposes of 
comparing and amplifying work of 
individual authors. 

The Maze. Since Lashley has pro- 
vided only a limited description of 
his maze (Lashley, 1929), the various 
workers in this radio-behavioral field 
have employed modifications of the 
original without recourse to a stan- 
dardized and universally agreed upon 
version of that instrument. Furcht- 
gott et al. (1958) described a maze 
having a linoleum floor, painted grey, 
and a hardware cloth top. The mazes 
of Levinson (1952) and Tait et al. 
(1952) differ in the length of the 
entrance and exit alleys, and neither 
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group of authors states whether their 
mazes had floors and top similar to 
that of Furchtgott. Kaplan (1960) 
used a maze 12 inches in height, 
painted black; Levinson’s maze was 
34 inches in height and was un- 
painted. Kaplan also employed re- 
trace gates while the other workers 
(Furchtgott et al., 1958; Levinson, 
1952; Levinson, 1960) did not make 
mention of this innovation. 

The Straightaway for Preliminary 
Training. While Furchtgott used a 
3-foot alley runway (Furchtgott et 
al., 1952), Levinson employed the 
Lashley I maze (dimensions not 
given) for preliminary training (Levin- 
son, 1952). Kaplan et al. (1951) and 
Tait et al. (1952) used a 4-foot alley 
runway, and Kaplan (1960) in other 
studies used a 6-foot alley runway. 

Preliminary Training and Testing 
Procedures: Food Reward and Implied 
Differences in Motivation. Workers 
have differed in amount of food de- 
Kaplan (1960) 
reported a 23-hour deprivation 
schedule. Furchtgott et al. (1958) 
reported a 22-hour deprivation, while 
Levinson (1952), in one report did 
not include mention of the depriva- 
tion period, and in another (1960), 
23-hour deprivation 


privation employed. 


mentioned a 
schedule. 

For food reward, mention has been 
made of bran pellets scattered on the 
floor (Furchtgott et al., 1958), three 
moistened Purina lab pellets (Kaplan, 
1960), and a moistened Purina mash 
made into a pellet (Levinson, 1960). 
Some workers allowed 30 seconds for 
the rat to eat at the end of the run- 
way (Kaplan et al., 1951; Tait et al., 
1952), several did not mention time 
allowed for eating (Levinson, 1952; 
Levinson, 1960), while others allowed 
10 seconds for eating at the end of the 
runway (Hicks, 1953). 

Variation in daily feeding for main- 
body and constant 


taining weight 
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motivation also has been reported. 
Furchtgott et al. (1958) fed their sub- 
jects 1 hour per day, 30-60 minutes 
after the run. Others have not men- 
tioned the feeding schedule (Levin- 
son, 1952; Levinson, 1960; Tait et al., 
1952). 

Preliminary Training. Some work- 
ers reported all subjects are 
handled several days before straight- 
away training is begun (Kaplan, 
1960). Others did not mention 
handling procedures (Furchtgott et 
al., 1958; Levinson, 1952). One re- 
port described preliminary adapta- 
tion as simply a 3-day period in a 
single unit straight alley (Levinson, 
1960). Two trials per day for 6 days 
have been employed as a training 
method by other authors (Kaplan, 
1960). Levinson (1952) reported 
training her subjects daily (number of 
trials per day not stated) until they 
had run three consecutive trials in 
20 seconds. Tait et al. (1952) allowed 
three trials per day for 3 days with 
no time criteria mentioned. Furcht- 
gott reported keeping each subject in 
the runway 10 minutes daily for 7 
days (Furchtgott et al., 1958). 

Hence, for preliminary training, it 
can be seen that degree of docility 
arising from differences in handling, 
and criterion of readiness both become 
factors contributing to an incompara- 
bility between the studies. Learning 
rates subsequent to this training un- 
doubtedly are a function, in part, of 
the levels of motivation attained by 
each rat performing under the re- 
quirements established for its re- 
spective training procedure. 

Training and Evaluation. The ex- 
periments under scrutiny present five 
different procedures for testing the 
subjects in the Lashley III: (a) in 
one experiment (Furchtgott et al., 
1958) rats were given two trials per 
day the first day, three trials per day 
the next 3 days, and five trials per 
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day for the last 2 days; (6) in another 
set of experiments (Levinson, 1952) 
rats were given five trials per day to 
a criterion of two out of three error- 
less trials in 10 seconds; (c) in the 
third group of studies (Tait et al., 
1952), subjects were given one trial 
per day, 6 days per week. In some of 
these, retrace gates were employed; 
in others, they were not. The cri- 
terion of mastery for these studies 
was four out of five errorless trials, 
time of running not considered. (d) 
In a fourth group of studies (Kaplan, 
1960), rats were given one trial per 
day, 7 days per week to a criterion 
of four out of five errorless trials. In 
this group of studies, running time 
was not considered in the criterion 
of mastery. 

Definitions of Errors. Some authors 
have scored nonretrace and retrace 
errors involving full-body-length entry 
(Levinson, 1952). Others (Kaplan 
1960) have included full body, 3 

body length forward and 
errors and also “hesitation 
errors.’’ Kaplan has utilized all of 
these errors in arriving at an “‘error- 
less trial’’ which obviously represents 
a more stringent criterion than only 
a body length error. 

For the most part, all seem to be 
in agreement on measures of time 
scores, i.e., from time of leaving the 
starting box to entry into the goal 
box. 

Radiation Differences. The differ- 
ences between studies cited here refer 
to differences involving comparative 
psychology methodology. An equally 
serious variability in radiation pro- 
cedures prevails (Table 2). 

It has been shown that with 
monkeys, a rate of 15 r/min (Kaplan 
& Gentry, 1953) as compared with 
1,000 r/min (Kaplan, Melching, Reid, 
Rothermel, & Johnson, 1960) has a 
markedly different effect upon be- 
havior. Unless relative biological 


body, 4 


retrace 
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effects (RBE) can be equated, com- 
parisons of maze behavioral studies 
will be affected adversely (Glasser, 
Quimby, Taylor, & Weatherwax, 
1952; Pickering & Hekhuis, 1960). 
(For example, it has to be estab- 
lished that the differences in rate 
which range from 10 r/min to 116 
r/min produce comparable biological 
effects with dose held constant.) The 
radiobiologists and physicists have 
pointed out that there is a markedly 
different quality to the radiations 
produced by X-ray machines of 
highly different voltages' (Glasser et 
al., 1952; Pickering & Hekhuis, 1960; 
Rugh, 1960). The target distances, 
reported in the experiments under 
consideration, vary between 50 and 
91 centimeters. Variations in dis- 


1 “Regarding the enclosed data [Table 2], a 
number of things must be said. 

1. The KVP variations will affect the 
quality of radiation, and consequently its 
penetrability. For instance, a rough estimate 
would be that at 80 KVP the penetration to 
a gravid rat uterus would be about 20 per 
cent less than with 250 KVP. This is a very 
rough estimate. The way to check is with a 
phantom. 

2. The amperage has nothing to do with 
the quality of radiation and if a Victoreen 
dosimeter were used to determine roentgens, 
at a specific point, this would not be appre- 
ciably altered by altering the amperage. 

3. In several instances no mention is made 
of filtration, either added filtration or in- 
herent filtration of the x-ray tube. This is a 
serious omission. If no filtration is used at 
least that of the tube should be mentioned. 

4. There is a trend now which will soon 
become insistent that radiation be expressed 
in rads, not roentgens. This refers to ab- 
sorbed dose and not air dose, and is generally 
somewhat less because of attenuation. Roent- 
gens are air dose measurements, generally, 
but in biology we are interested in absorbed 
dose. 

Thus, some of these data are useless because 
they are not reproducible. [The data being 
insufficient.] Further, the data are not com- 
parable when the KVP range is from 80 to 
250. The data might be more comparable if 
single cells were involved, in a mono-layer of 
cells, but certainly not in a rat."”” (R. Rugh, 
personal communication, October 26, 1960. 
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TABLE 2 


Dosimetry DIFFERENCES BETWEEN EXPERIMENTS 





Target 

Dose 

100 50 cm. 17 
200 
300 


50/min 50 
100 
150 
200 
upper and 
lower tubes 


min 25 
upper tube 
only 


min 10 
upper tube 
only 


min 


116 


min 


6.0/min meter 


to 
6.2/min 


30/min 


tance may not be as significant as the 
varying amperage of the machines 
(4 ma.—30 ma.), but it is still impor- 
tant to recognize that the ionizing 
the 80 KVP X-ray 
machine that Levinson (1952) em- 
ployed to produce her behavioral 
findings with rats given 300 r., may 
be different from that of the 170 
KVP machine used by Furchtgott et 
al. (1958), or the 250 KVP machine 


capability of 


distance | KVP | amperes Filtration 


Milli- | 

Reference 
| Furchtgott, 
Echols, & 


| 10 
Openshaw, 1958 


not reported 
] 
' 


28 Cu | 
50 Al 
| HVL .6 Cu 


Kaplan, 1960 


.28 Cu 
.50 Al 


Kaplan, Tait, 
Wall, & Payne, 
1951 


not reported | Levinson, 1952 


Levinson & 
Zeigler, 1959 


Tait, Wall, 
Jalmuth, & 
Kaplan, 1952 


used by Tait et al. (1952). Both of 
the latter experiments gave approxi- 
mately the same total body dose but 
with different amperage, rate, and 
target distance. 

Some workers report how they 
compute target distances; others do 
not. Some report the filtration in- 
cluded in the radiation source; others 
do not. Some employ phantoms for 
determining relative biological dos- 
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age given; some measure dosage in 
air. Some report deviation of meas- 
urement; others do not. 


DISCUSSION 


The implications of this analysis 
cannot be ignored. In spite of the 
fact that each study has employed 
normal control subjects and has pro- 
vided needed information on the 
problems investigated, much valu- 
able cross referencing has been lim- 
ited because of the differences in 
procedures employed. With so many 
questions yet unanswered, it would 
seem valuable to the profession if 
those working in the field could agree 
to standardize some of these experi- 
mental conditions while permitting 
latitude in the study of the particu- 
lar problems not contingent upon 
this standardization. 

If the Lashley III maze is to be 
used for radiation study, it is sug- 
gested that its characteristics be as 
Likewise, pro- 


constant as possible. 
vided they do not interfere with the 
goals of the study, it is suggested 
that the procedures for preliminary 
training and testing be standardized 
as to handling, food reward, and 


measures of learning. The same 
recommendation is submitted with 
regard to the employment of X- 
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radiation sources so that the compara- 
bility problem may be controlled as 
far as is practicable. Such a stan- 
dardization would certainly lead to 
the acquisition of data which would 
establish greater validity for the 
Lashley III maze as an instrument of 
measurement of radiation effects. 

Similar standardization should be 
established for all other instruments 
used in radiation studies. Perhaps 
second to the Lashley III maze, the 
Tolman-Honzik or Stone multiple T 
maze is the most extensively em- 
ployed (Arnold, 1952; Blair, 1959; 
Blair & Arnold, 1956; Fowler, 1957; 
Harris, 1956; Harris & Kaplan, 
1957). Experimental studies using 
this maze should be examined for 
possible adjustment of standardiz- 
able factors. The same arguments 
apply to the procedures under study 
by workers using operant equipment. 
In the operant field, perhaps, it is 
premature to make such an effort, 
since the operational techniques are 
still in process of being established. 
Still, since several workers have been 
using this technique in studying 
learning after radiation (Kaplan, 
1960; Melching, 1957) their atten- 
tion is called to the necessity for 
standardizing apparatus and pro- 
cedures here. 


REFERENCES 


ARNOLD, W. J. Maze learning and retention 
after x radiation of the head. J. comp. 
physiol. Psychol., 1952, 45, 358-361. 

Biair, W. C. The effects of cranial x radia- 
tion on maze acquisition in rats. J. comp. 
physiol. Psychol., 1958, 51, 175-177. 

Biarr, W. C., & ARNOLD, W. J. The effects 
of cranial x radiation on retention of maze 
learning in rats. J. comp. physiol. Psychol., 
1956, 49, 525-528. 

ELLINGER, F. The biological fundamentals of 
radiation therapy. New York: Elsevier, 
1946. 

Fretps, P. E. The effect of whole body x ra- 
diation upon activity drum, straightaway, 
and maze performances of white rats. J. 
comp. physiol. Psychol., 1957, 50, 386-391. 


Fowter, C. H. Multiple factors influencing 
radiation effects on learning and retention. 
Unpublished master’s thesis, Texas Techno- 
logical College, 1957. 

FurcutTcott, E. Effects of total body x-irra- 
diation on learning: An exploratory study. 
J. comp. physiol. Psychol., 1951, 44, 197- 
203. 

Furcatcortt, E., & Ecnots, M. Locomotor 
coordination following pre- and neonata! 
x irradiation. J. comp. physiol. Psychol., 
i958, 51, 292-294. 

Furcuoott, E., Ecnots, M., & OpENSHAW, 
J. W. Maze learning in pre- and neonatally 
x-radiated rats. J. comp. physiol. Psychol., 
1958, 51, 178-180. 

Guiasser, O., QuirmBy, E., Taytor, L. S., & 





160 


WEATHERWAX, J. L. Physical foundations 
of radiology. (2nd ed.) New York: Hoeber, 
1952. 

Harris, C. S. The effect of x-radiation de- 
livered during the first post natal day upon 
subsequent learning of the albino rat. Un- 
published master’s thesis, Texas Techno- 
logical College, 1956. 

Harris, C. S., & Kapian, S. J. Effects 
of pre-natal radiation upon maze learning. 
Progress Report, 1957, Atomic Energy 
Commission, Contract No. AT-(40-1)-1982. 

Hayes, Keita J. The effects of abnormal 
grain development on rat behavior. Prog- 
ress Report, 1957, Atomic Energy Com- 
mission, Contract No. AT-(40-1)-1982. 

Hicks, S. P. Acute necrosis and malforma- 
tion of developing mammalian brain caused 
by x-ray. Proc. Soc. Exp. Biol., 1950, 75, 
485-489. 

Hicks, S. P. Developmental malformations 
produced by radiation. A timetable of their 
development. Amer. J. Roentgenol., 1953, 
69, 273-283 

Kapitan, S. J. Learning behavior of rats 
given low level x-irradiation. Paper read 
at International Radiation Symposium, 
Northwestern Medical School, 1960. 

Kappan, S. J., & Gentry, G. Some effects 
of a lethal dose of x-radiation upon memory: 
A case history study. USAF Sch. Aviat. 
Med. proj. Rep., 1953, Proj. No. 21-3501- 
0003, Rep. No. 2. 

KAPLAN, S. J., & Harris, C. S. Comparative 
learning in rats irradiated on the first post- 
natal day and those irradiated in utero ap- 
proximately forty-eight hours before birth. 
Progress Report, 1957, Atomic Energy 
Commission, Contract No. AT-(40-1)-1982. 

KAPLAN, S. J., MetcminG, W. H., Ret, J. B., 
ROTHERMEL, S., & Jonnson, O. Behavior 
In J. E. Pickering (Ed.), Massive doses of 
high dose rate gamma radiation on mon- 
kevs USAF Sch. Aviat. Med proj. Rep 
1960, No. 60-57. 


SYLVAN J. KAPLAN 


KAPLAN, S. J., Tart, C. D., JR., WALL, P. D., 
& Payne, R. B. Behavioral changes follow- 
ing radiation: I. Study of retention of a 
partially learned maze habit. USAF Sch. 
Aviat. Med. proj. Rep., 1951, Rep. No. 1. 

LasHLey, K.S. Brain mechanisms and intelli- 
gence. Chicago: Chicago Univer. Press, 
1929. 

Levinson, B. Effects of fetal irradiation on 
learning. J. comp. physiol. Psychol., 1952, 
45, 140-145. 

Levinson, B. The effects of a radioprotective 
agent AET on learning and retention in the 
neonatally radiated rat. Paper read at, 
International Radiation Symposium, North- 
western Medical School, 1960. 


Levinson, B., & ZEIGLER, H. P. The effects 


of neonatal x irradiation upon learning in 
J. comp. physiol. Psychol., 1959, 


the rat. 
52, 53-55. 

McCutcnuan, K. S. A study of the effect of 
radiation on the spatial learning of rats. 
Progress Report, 1957, Atomic Energy 
Commission, Contract No. AT-(40-1)-1982. 

Me tcuineG, W. H. Effects of feta! radiation on 
bar pressing behavior of rats. Progress 
Report, 1957, Atomic Energy Commission, 
Contract No. AT-(40-1)-1982. 

PICKERING, J. E., & Hexnuts, G. L. Radia- 
tion: Biology—relative biological effective- 
ness (RBE). In O. Glasser (Ed.), Medical 
physics. Vol. 3. Chicago: Year Book, 
1960. 

RuGu, Roserts. Effects of ionizing radiations 
on the developing nervous system: General 
survey. Paper read at International Ra- 
diation Symposium, Northwestern Medical 
School, 1960. 

Tait, C. D., JR., WALL, P. D., BaLmutn, M., 
& Kaptan, S. J. Behavioral changes fol- 
lowing radiation: II. Maternal behavior 
and maze performance. USAF Sch. Aviat. 
Med. Rep., 1952, Spec. Rep. No. 2. 


(Received January 10, 1961) 








4 


